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INVESTIGATION THE PHYSICAL PROPERTIES 
CERTAIN CHROMIUM-ALUMINUM STEELS 


Abstract 


The following report pertains general 
gation the physical properties steels, containing 
main alloying constituents, aluminum from about 
per cent and chromium from per cent, 
with silicon and carbon varying approximately 
per cent maximum, Data also included the effect 
adding small amounts additional 
ments, such nickel, cobalt, molybdenum, vanadium, 
manganese, tungsten and copper. 

The physical properties investigated were, 
fect thermal treatment hardness and 
ture, resistance oxidation elevated temperatures, 
tensile strength normal and elevated temperatures, 
impact values. 

was found that aluminum effectively stabilized 
the alpha iron phase and when combination with 
chromium, greatly increased the resistance the metal 


use and effect aluminum alloying addition 


carbonless iron plain carbon steels has been ably reported 
such eminent investigators Hadfield, Gwyer, Guillet, and 
others. The small aluminum stainless 
steels has been reported Monypenny. 


paper presented before the tenth annual convention the society held 


Philadelphia, 12, 1928. the authors, who are members 
the society, Lounsberry vice-president and Breeler was research 
received 


with the Atlas Steel Corp., Dunkirk, 
July 
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vestigators they concern the present research are 
marized the 

More recently, considerable data has been published the 
called nitrogenizing steels containing various low 
binations chromium, aluminum, nickel, molybdenum, Hoy. 
ever, with the exception that data stainless and 
steels, which usually concerned with aluminum under per cent 
our knowledge, very little published information available 
pertaining chromium steels higher aluminum 
Wishing learn more about such alloy combinations, was 
cided investigate general way and using only those means 


readily hand, the nature and various properties steels coy. 
taining main constituents, aluminum from about per cent 
and chromium from about per cent with silicon and 
varying approximately per cent maximum. addition. 
was also decided determine the same manner, the effect 
adding the above chromium, aluminum compositions, such 
loys nickel, molybdenum, vanadium, manganese, tungsten 
and copper. 


MANUFACTURE 


The facilities hand were not entirely suitable for the pre 
paration high grade product ordinarily considered from 
laboratory standpoint. Nevertheless, product was made which 
subsequently proved entirely sufficient quality for the 
purpose. Any unfavorable conditions practices have been noted. 

detail, the method manufacture the majority the 
steels, consisted melting iron punchings and alloys, excepting 
aluminum, 35-pound, acid, double hand-operated electric 
furnace. Holding slag back much possible, the liquid stee! 
was poured into torch-heated crucible containing calculated 
amount molten aluminum under borax slag. After quick 
thorough mixing, the resultant molten metal was cast into the 
form tapered ingots, 334 inches square the top and weighing 
about pounds. was early noticed that reaction occurred 
between the aluminum and any acid slag with which came 
contact, forming pasty undesirable mixture alumina, slag and 
metal. was only through careful manipulation that the amount 
alumina inclusions the steel was minimized. Microscopic 
examination the finished bars revealed the presence some in- 
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every bar made, but the average amount was surpris- 
and not sufficient account for any exceptionally 
the 


forging physical properties. The use borax slag 


rig 


How. 


aluminum may open objection, but far could 


detrimental properties were imparted the steel 
under the particular conditions mentioned. Boron de- 


use 


were made several the bars and varied from nil 


per cent. Neither salt nor slags could used with 
The second method importance was that used the manu 
cent punchings and other alloys, excepting aluminum, the same man- 
stated above. After removing considerable quantity 
the slag, preheated ferroaluminum was added the furnace and 


mixed thoroughly with the molten steel. soon complete 
solution resulted, the heat was tapped. The ferroaluminum itself 
was made the first method mentioned and 
mately per cent aluminum. This ferro alloy was hard, brittle, 
smooth and did not disintegrate standing air. 
ferroaluminum the acid furnace gave considerable dif- 
pre ficulty especially when attempting make high aluminum con- 
rom tent steel approximately per cent. The amount ferro 
which alloy necessary was quite voluminous and conditions the furnace 
the were very favorable reaction between the aluminum and acid 
noted. slag. Both these resulted lowering the bath tem- 
the perature, which while desirable itself had the disadvantage 
epting entrapping appreciable alumina within the metal. 

Considering the above two methods they affected 
steel ished bar, was noted that with the exception microstructure 
ulated and grain size, the quality was about the same. The microstrue- 
quick ture, however, certain steels permissible analysis, and grain 
the size, were affected the low pouring temperature 
ighing sulting from the ferroaluminum method 
the high pouring temperature produced the crucible mixing 
method first mentioned. With steels which are not essentially 


and due high chromium, aluminum, silicon and low ear- 


mount bon nickel low pouring temperature tends produce 


strueture ferrite and sorbite fairly fine grain. 


steels not essentially pearlitic due low aluminum, chrom- 
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and high nickel content, high pouring tem- 
and carbide material. 

the mixing method should 
prove very satisfactory for large small scale production, pro- 
instead acid furnace used for melting. 
thoroughly deoxidized bath should maintained before making 
the aluminum addition. low pouring temperature 
after are desirable. 

Several the compositions were made miscellaneous 
Steel was made adding rod aluminum directly 
the molten bath the furnace. Steels and were made 
pouring molten steel and molten aluminum 
erucible and mixing. Steels 58, 61, 62, 63, 65, were made 
introducing sheet iron boxes, containing cast 
the molten bath the furnace and holding the container under 
the slag until dissolved. This method worked very well 
small furnace. For large production however, the miscel 
mentioned. 

piped excessively. With the exception some the 
ing steels, the majority the compositions were quite soft 
cast and Brinelled about 286. this condition, they were ma- 
for chemical homogeneity were made number 
ingots both the sectional and longitudinal planes and 
was found that none the alloying elements varied unduly 
one portion another. The test ingots were annealed 
annealed again, ground and rolled into round 
these bars were used for the tests described below. 

analyses Table found complete list all the com 
positions made and investigated. The determinations are 
several samples taken from the finished 
The method determining the aluminum given 
the appendix. The steels are numbered and arranged 
according the alloys and amounts contained. 


Usep THE DETERMINATION PROPERTIES 


Effect thermal treatment hardness micro 
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structure. Disks approximately inch thick were cut from the 
round bars and hardened intervals 100 Fahr 
from about 1450 2350 degrees Fahr. semimuffle gas 
The specimens were preheated minutes and held the 
heat for minutes. The majority the disks were water. 
quenched. Rockwell Brinell, longitudinal fracture and 
examination tests were made these samples. order ob. 
tain more complete history the structural changes 
upon heating, long samples were placed inch under 
and heated the opposite end fusion means blow 
After heating for about minutes, the piece was quickly 
quenched all over water. longitudinal section was then 
for 

Depending analysis, specimens for micro-examination were 
etched either per cent solution aqua regia 
per nital solution. 

(2) Resistance oxidation elevated 
mens the various compositions the annealed condition, were 
tested the form hollow eylinders, inch long inch 
outside diameter, through which hole had been drilled. 
Ten twelve these cylinders different composition were 
mounted rod, separated from each other thin mica 
sheets and bolted securely the ends. The resultant was 
then subjected the test, suspending semimuffle gas 
furnace considerable volume for definite temperature and 
time. ‘‘dry’’ flame possible was maintained throughout 
every test. the end the test, the gas and air were shut off 
and the specimens allowed cool room temperature the 
furnace. every group, was placed least one sample 
standard chromium-silicon chromium-aluminum steel for 
poses comparison. Temperatures 1450, 1500, 1650 and 1850 
degrees Fahr. were used. The time heat consisted and 
hour periods, exclusive the heating cooling time. This type 
test, which the specimens are exposed the hot furnace 
gases, quite severe and believed that the scaling values given 
under 


may considered very safe minimum. 
removal from the furnace, the amount and type scale each 
specimen were carefully noted visual examination only, com- 
pared with the standard samples and given oxidation rating. 
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Fig. 1—Photographs Showing Method Mounting and Appearance 
Several Groups Steels After Exposure Oxidation Test 
Elevated 
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shows the method mounting and the sever 
steels after exposure hot oxidation 

steels could not hardened any appreciable 


hensive corrosion test was difficult make with the 


percentages found these particular was then decided 
test the compositions the annealed state. While this 
testing would not necessarily develop the maximum 
corrosion many the alloys, did serve the 
various compositions and indicate the general trend charactey 
placed glass supports and exposed winter weather for 107 
days. This time limit was merely matter 

aminations were made from time time, well final 

the end the test period and the type and amount 
corrosion noted visual examination. 
stainless iron (12 per cent chromium and 0.09 per cent carbon 

and hardened stainless steel (13 per cent chromium and per 
cent carbon) were exposed the same time for comparison pur 
poses. The various alloys were given rating and 
cording their surface Although the test was only 
general nature, served its purpose satisfactorily. 

Along with observations taken when the 
test ingots were hammer-cogged, was decided obtain more 
exact data this property. Accordingly, specimens 
pared having length twice the diameter and were 
upset end disk thickness equal the original diameter 
(approximately inch). The specimens were heated 
oil-fired furnace and held heat about minutes. were 
then removed and forged under 500-pound hammer 
possible the correct sized disk. 

strength normal and elevated 
room temperature tests, specimen was used, having 


long grips inch diameter and center reduced section the 
standard 0.505 inch diameter and inch length. speed 
0.05 inch per minute was maintained until fracture occurred. 
The testing machine was 100,000-pound universal testing 
chine equipped with automatic recorder. 

high temperature tests, the same type specimen was used 
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with longer grip lengths. earbon combustion about 
length was mounted vertically between the heads the 
The test was inserted that the reduced 
Which thermocouple point had been attached, would 
central position. The ends the furnace were then 
with asbestos ‘Temperature was controlled 
and the samples held minutes heat before applying 
any tension. The speed pulling was maintained 0.05 
per minute until fracture limit was not 

2.94 inches long was used for the Izod impact tests. 
preferred use the specimen the values 
was applied, 


Thermal Treatment Hardness and 


Although wide variety compositions were investigated, 
those steels composition fortunately themselves 
that sufficiently comprehensive conception this data 
conveyed merely emphasizing the trend structural and physi 
cal changes and citing outstanding examples the different types. 
not within the scope this discussion define exact limits 
structural changes. 

Group analysis Table comprised alloys containing 
various carbon, chromium, aluminum silicon, 
which elemental combinations constitute the nucleus 
vestigation. The properties imparted steel carbon, chromium 
and silicon are general knowledge and need not emphasized 
The effect aluminum, however, will briefly 
along with the general characteristics the group. Steels 
inclusive group represent the major portion series 
depicting the gradual elimination the phase. 
containing the least percentage aluminum (2.47 per 
upon heating, exhibits the normal alpha 
with the latter phase predominating high temper- 


Steel 49, containing much 5.38 per cent aluminum 


Of th: 
the 
) 
‘ | 
| | 


May 
combination with high chromium content, 
all temperatures. Steels intermediate percentages aly 


minum and chromium. upon heating, produced various 


alpha and gamma which phases gradually 


equilibrium. The above series compositions 


quite analogous certain hig 


amounts 


alloys. 
types annealed resulted, differing size 
and form and distribution the carbide phase. 


The first type 
consisted banded structure ferrite 


matri 
finely spheroidized carbides shown Fig 
Steel 10, exhibits the other type anne 


aled structure. consisting 
fairly large spheroidized carbides ferrite 

The air hardening properties group were practically nil, 
rolled air-cooled thin section from about 2000 
grees Fahr. tested Rockwell while 


the fully annealed 
smaller were noted between the 


and 
nealed conditions. Steel tested both rolled 
nealed states. 

The Ac, temperatures were very high. 
approximate position this change point, 
tions were made 


determining the 
microscopic examina- 
series water-hardened samples and the 
temperature noted which the first appear 


ance martensite 
austenite was observed. 


The usual apparatus recordine 
1800 degrees Fahr. was 


useless, and even 
suitable apparatus for recording 


Over 1800 degrees 
had been available, not believed that definite 
point would charted due the sluggish 
curring the compositions 


Accordingly, the tem 
perature for Steel was determined approximately 1800 degr 


the percentage aluminum chromium increased, 
other elements about the same. the 
Steel indicated Ae, 
Fahr. Steel 


mperature was elevated. 
int approximately 2100 degrees 
49, containing both high chromium and aluminum, 
remained completely ferritic all temperatures fusion. 
From examination aluminum steels varying chrom- 
ium content, was observed that the number degrees 


increase Ac, per one per cent aluminum was dependent 


approached State 


found 
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Fig. 2—Photomicrograph Steel 500. Fig. 
Photomicrograph Steel Water-Quenched from 
500. Fig. 5—Photomicrograph 
1100 Degrees Fahr. 


chrom- 


Steel 10, Annealed. Fig. 
2250 Degrees and Tempered 1200 Degrees Fahr. 
10, Water-Quenched from 2250 Degrees Fahr., and Tempere 


is 


May 
Table 
Ac, Temperatures Several Aluminum Steels 
Chromium Content 
\pprox 
Carbon 0.30 0.26 0.20 1380° 
0.82 0.24 0.17 2.44 
0.51 0.30 0.80 7.41 1500° 
0.39 0.40 0.95 7.9 2.47 1800° 
0.67 1.10 8.59 5.3 2100° 
Stainless 12% 0.26 0.19 0.67 12.2 0.45 1760° 


*Taken from Monypenny’s “Stainless and 


the chromium content the alloy. Table gives the 
peratures several compositions different chromium content. 
determined the microscopic examination water-quenched 
specimens. will noted that the chromium 
creased, the temperature increase attributable the pres- 
ence one per cent aluminum, increased. This high 
range explains the absence any possible lamellar pearlite 
the annealed samples since the annealing temperatures were 
1800 degrees Fahr. and simply produced 
spheroidizing action the existing sorbitie 
instances, lamellar structure was produced long high tem 
perature anneal followed suitable cooling. The pearlite formed, 
however, lacked the regularity carbon steel pearlite and 
exhibited some incipient spheroidization. 

atfempting determine the Ac. temperatures the same 
manner the Ac,, difficulty was encountered due the extreme 
sluggishness and stability the alpha phase. normal pear!- 
2250 degrees Fahr. for normal time and quenching water, re- 
sulted microstructure approximately ten per cent undis- 
solved ferrite ‘‘stringers’’ matrix, retaining 
very small amount austenite. The hardness developed was 
Rockwell Heating the fusion temperature reduced the 
amount undissolved ferrite about four per cent. Also, hold- 
ing the sample 2250 degrees Fahr. for several hours and quench- 
ing water, reduced the amount undissolved ferrite ap- 
proximately two per cent, and resulted hardness 
Thus the temperature Steel may considered being 
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over 2200 degrees Fahr.—presumably about 2300 de- 
apparent even this low aluminum content al- 
high temperatures and prolonged heating periods 
And 
quench required prevent the precipitation any free 


for the solution the free ferrite into gamma iron. 


ferrite from the gamma iron solid solution when cooled. Inereas- 


the carbon content facilitated the solution the alpha phase, 


the maximum hardness value, 


more stable gamma phase. 

Steels approximately the same carbon, chromium and 
content but increasing aluminum content, exhibited 
more ferrite any given hardening temperature 
and consequently required higher temperatures and longer 
With 
high aluminum content, the ferrite 
all temperatures and heating periods. 


heating periods produce any 


Therefore, while was 
possible determine approximately the Ac, temperature, the 
manner above, for steel composition was im- 
practical attempt the necessary higher 
longer soaking periods for steels increasing aluminum content. 

the alpha phase increased stability, became more dif- 
ficult harden the steels. Thus for Steel 11, the maximum 
sible hardness was Rockwell Depending analysis, the 
compositions between Steels and group were capable 
developing intermediate hardness values, that between and 
pearlitic steel the hardened and tempered condition. 
The fact that the hot working temperatures were least several 
hundred degrees below the approximate Ac, temperatures, made 
complete and refinement the cast structure im- 

The other type annealed microstructure, consisting large 
carbide spheroids ferrite matrix, when quenched from high 
temperatures, exhibited slightly different hardened structure. 
Thus, Steel 10, containing 4.6 per cent aluminum when heated 
permitted amounts gamma iron form 
regions greatest concentration and after water quench- 
ing from 2250 degrees Fahr. and tempering 1100 degrees Fahr., 
exhibited structure martensite and ferrite shown Fig. 
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a 


Carbon played its usual important part this type 
ture since materially facilitated the formation 


pools 
austenite. The maximum hardness obtainable with 
Rockwell. Steel 49, having similar annealed 
contained sufficient aluminum, chromium and silicon 


suppress the formation any gamma iron high temperatures 
compositions this type, alpha iron continuous and identical 
with delta Heating 2350 degrees produced 
cipient fusion and developed network and 
material around enlarged which upon 
quenching, precipitated out numerous fine carbide particles 
erly held solution. The hardness developed was 
Fig. shows the microstructure Steel after quenching 
water from 2350 degrees Fahr. 

Group steels when reheated after quenching did not 
appreciably hardness until temperatures over ap- 
proximately 1100 degrees Fahr. had been 
instances austenite was observed samples reheated 1200 de- 
grees Fahr. The presence aluminum retarded tempering and 
decidedly increased the tempering range. the 
tire series, the stability the alpha phase attributed 
the aluminum chromium and silicon being second 
ary importance. For example Steel 68, containing only 
amount chromium and having aluminum content equal 
that Steel exhibited alpha phase approximately the 
same degree stability that found Steel Steel con- 
taining aluminum but having chromium and silicon amounts 
approximately equal Steel showed complete gamma iron 
solid solution temperature 1850 degrees Fahr. Thus, alu- 
minum can considered much more effective alpha phase 
stabilizer than either chromium silicon the amounts con- 
cerned. 

Except for the lower silicon content, group similar 
composition group steels. The only noticeable difference pro- 
duced this decreased silicon content, was the lowering some 
points Rockwell the air-cooled and annealed hardness 
values. This indicated quite definitely that silicon may con- 
sidered ferrite ‘‘stiffener’’ aluminum which does 
not possess this property. 
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steel the following approximate analysis, carbon 0.40 
per cent, ehromium per cent, aluminum per 
and silicon 1.0 per maximum, the hardness and 
the following single and combination alloy addi- 


was found practically negligible 


Manganese 2.54 per cent.......... Group 


Vanadium approximately one per cent (group 16) refined 
alloys containing high 5.92 per cent aluminum 


degree comparable annealed carbon tool steel. 

Nickel produced decided change study 
groups inclusive indicated that general, the effect 
was similar that produced any chromium carbon 
However, the particular steels concerned this usual effect 
did not evident until the ratio the per cent nickel the 
total percentages chromium, aluminum and silicon exceeded 
certain value. When this ratio value was approximately 0.20 
less, the effect nickel was neutral entirely masked the 
predominating, counteracting influences chromium, aluminum 
and silicon. When the ratio value was excess approximately 
the nickel was produce definite lowering the 
range with widening and stabilizing the gamma 
phase. The designation fixed value for this ratio can only 
considered applicable steels within the composition limits 
since comparatively few steels were available for its deter- 
mination, 

Accordingly, the nickel-bearing compositions, there was 
produced series steels analogous the group series first 
mentioned, depicting the gradual elimination the gamma phase, 
but not the same extent. The three types nickel alloys 
are best exemplified the following study Steels and 57. 


The ratio value the first two steels over 0.20, while that 
Steel 


less than 0.20. 
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Fig 6—Photomicrogr: S 
graph Steel 49, ater-Quencl 235 
Fig. Photomicrograph Steel from 2350 Degrees Fahr. 


Annealed. 


Oil-Quenched from 295 500. Fig. 8—Photomicrograph Stee! 


250 Degrees Fahr. 500. Fig. 


Photomicrograph 
2250 Degrees Fahr., and Tempered 


Water-Quenched from 100 Degrees Fahr 
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group 10, containing 6.62 per cent nickel and having 
alpha gamma transformation, and similar any 
hardening steel. Fig. shows the annealed, strue- 
ture. Fig. exhibits the structure produced 
quenching oil from 2250 degrees Due the 
the hardness quenched was only Rockwell. The amount 
present reduced the Ac, temperature about 400 degrees 
and the Ae, temperature from fusion down temperature 
about 2200 degrees Fahr. The air-cooled hard- 
ness was Rockwell and the annealed value was approxi- 
mately definitely increased the air hardening qual- 
ities and made soft annealing very difficult. 

Steel having ratio value 0.27 and containing about the 
same aluminum content Steel but with less nickel, exhibited 
more stable alpha phase and high temperatures consisted 
alpha and gamma iron Fig. shows the micro 
structure this steel the hardened and tempered condition. 
The maximum hardness obtained was Rockwell This value 
may slightly quenching from temperature near 
fusion holding several hours 2350 degrees Fahr. However, 
with all the treatments tried, was found impossible produce 
100 per cent solution the ferrite the gamma iron. Steel 
group 11, 2.75 per cent nickel and having ratio 
value 0.17, typical those compositions remaining 
all temperatures fusion. Heating 2350 degrees 
Fahr. produces incipient fusion the areas and 
network eutectic and carbide material develops about the en- 
larged alpha grains. The latter, when quenched, precipitate 
out numerous fine carbide austenite particles the cleavage 
planes. magnifications about 1000, fine Widmanstat- 
pattern clearly discernible. Quenching water from 2350 
degrees Fahr., produced hardness and microstructure 

all the nickel steels groups with the 
exception and only very small amounts 
unusual low temperature alpha phase phenomenon, oc- 
curred. Regardless the initial type structure, heating ex- 
cess about 1250 degrees Fahr. (preferably 1300 degrees Fahr.) 
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Figs. 


from 23850 


from 135 
Quenched from 


1000, 


13, Inclusive. Photomicrographs Steel 57. Fig. Water-Quenched 


Fahr. Fig. Annealed, Rockwell 31-33. 1000 


or 
1350 Degrees Fahr., and Tempered 1100 Degrees Fahr., Rockwell 


Degrees Fahr., Rockwell 31-33. 1000. 13—Water 


amp 


ing 
Altl 
state 


part 
then 


eral 
insu 


and 


the 


tANSACTIONS 4 
May 


CHROMIUM-ALUMINUM STEELS 751 


oil water, followed reheating 950 1150 
and cooled any manner produced in- 
hardness over that the quenched ex- 
ample Steel 57, after long thorough anneal, tested 
Rockwell and exhibited structure shown Fig. Heating 
the structure that shown but did not alter 
hardness the quenched sample 1100 
for one hour, followed air cooling, increased the 
hardness Rockwell and produced structure shown 
13. This same point increase hardness was 
tained with all the nickel steels given this treatment, regardless 
Maximum softness was produced either quench- 
from about 1300 degrees Fahr. annealing for long time. 
these two methods produced the same hardness, the 
microstructure was different and only the quenched 
would hardness after reheating about 1100 
degrees Fahr. the sample this reheating 
temperature 1100 degrees Fahr. for about 400 
changed both structure and hardness back that the annealed 
state. 

thus far indicate that the appearance 
the annealed sample due the precipitation minute carbide 
particles formerly solution the alpha the 
annealed sample 1300 degrees appeared sufficient 
solve these particles alpha iron and 
them this The increase hardness after reheating 
1100 degrees believed due the precipitation sub- 

There were slight evidences similar phenomenon 
eral the high steels, occurring only 
higher quenching temperatures. The change, however, was 
intensity reveal any differences microstructure 
and consequently its nature could not ascertained. 


RESISTANCE ELEVATED TEMPERATURES 


Steels group containing only aluminum the main al- 
loying addition, sealed appreciably 1450 degrees Fahr. about 
the same extent any plain carbon steel. The thickness the 


4 
q 
| 
at 
1 
q 
| 
A 
; 2 
ae 
; 
4 
3 
$ 
i 
q 
1 
3 
Quenched 
4 wit 
ory 
i 
4 
F 


loose black gray scale, increased rapidly with rise 


minum with per cent silicon aid 
Group containing chromium well aluminum 
con, exhibited marked increase heat resisting 
1450 degrees only red shiny discoloration 


The amount this discoloration decreased the chromium. 
minum and silicon contents increased that composition 
Steel 49. 1550 degrees slight black seale was formed 
Steel containing 2.47 per cent aluminum, 7.9 per cent 
and 0.95 per cent silicon, and this temperature was considered 
point. the same manner, 1850 degrees was found 
the approximate scaling point Steel containing 5.38 
cent aluminum, 12.76 per cent chromium, and 0.83 per cent 
With the intermediate steels this group, the points 
curred between the temperatures 1550 and 1850 degrees 
the exact temperature depending the relation their 
total percentages chromium, aluminum and silicon those 
Steels and 49. other words, the degrees sealing and 
temperature which scaling started, were found dependent 
primarily the total percentage chromium, aluminum and si! 
icon, with the aluminum and silicon exerting the 
influence the particular chromium ranges concerned. The 
fect variations carbon from 1.08 per cent 
nese from 0.28 0.45 per cent were negligible. 

representative analysis capable withstanding any 
preciable degree surface oxidation 1650 degrees that 
Steel containing 3.9 per cent aluminum, 8.6 per cent chrom 
ium, 1.1 per cent silicon, per cent manganese and 0.62 per cent 
‘arbon. There was composition group sufficiently high 
total percentage chromium, aluminum and ‘silicon totally 
immune oxidation temperature high 1850 degrees 

The development scale group steels usually proceeded 
from red discoloration loose mottled gray-black scale, which 
started isolated points and grew form continuous envelop 
ing coating. the type scale would suggest, once the adherent 
smooth red thin seale discoloration was penetrated, the loose 
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CHROMIUM-ALUMINUM STEELS 


Table III 


Various Alloys the Heat Resisting Properties 
Chromium-Aluminum Steels 


Per Cent Used Characteristic type scale 
2.18 neutral regular for Group 
‘1 vhdenum up to 1.00 desirable close smooth black-brown scale 
; up to 1.26 neutral regular for Group 4 
6.62 variable variable 


oxide subsequently formed, permitted 

The temperature which scaling started 200 
with Ae, the percentage chromium, and 
increased, Accordingly, with compositions type, 
the temperature served fairly indication the 
scaling temperature vise versa and suggested the possibility 
relationship between the two. 

The 0.50 0.75 per cent lower silicon content 
steels group reduced the resistance oxidation and definitely 
the importance maintaining silicon approximately 
per cent which was chosen the maximum amount for steels 
this 

The effect other alloy additions given condensed form 
were classed desirable not much for reducing the amount 
but for developing particularly desirable type sealed 

The variable nickel depended the value the 
ratio mentioned under data and 
with the same reservations mentioned 
When the value the ratio the percentage nickel the per 
chromium aluminum silicon exceeded approxi 
0.20, the effeet nickel was detrimental, increasing the 
and lowering the temperature which sealing 
started. When the value was approximately 0.20 under, the 
nickel was neutral. 
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Table 
Examples Variation Heat Resisting Properties 
Aluminum Steels Due Variations Ratio Value 


romin 


Amount 
Per Cent Ratio Scale 
0.53 0.40 0.73 8.59 5.14 .... heavy 


example the influence the ratio value, Table 
contains the analysis, ratio value and sealing properties 
typical steels. Steels 


ratio numerator with 


constant denominator while Steels and 
exhibit variation denominator with constant numerator. 
copper and vanadium content two the steels need not com 
pensated for these elements have previously been determined 
neutral. 

Steels 57, and 22, found groups 11, and 16, are repre 
sentative compositions containing sufficient chromium, aluminum 


and silicon with other elements 


practically scale-free after exposure temperature 1850 
for hours. After the removal slight fuzz, the 
original bright polished surfaces were will noted 
that the aluminum, chromium and silicon contents are approx 
imately 5.5, 9.5 and 0.90 per cent respectively. 

the nickel steels there was additional evidence 
lationship between the heat resisting properties and Ac, temper 
atures. When nickel was insufficient quantity lower the 
temperature, change occurred the heat resisting properties. 
Sufficient nickel lower the Ac, range, lowered the sealing tem 
perature also. Although the exact nature this relationship 
not fully understood, the possibility its existence appears quite 
probable. 


RESISTANCE ATMOSPHERIC CORROSION 


Referring groups and was found that steel 
ing either 7.41 per cent chromium (14) 4.2 per cent aluminum 
(18) possessed only ordinary resistance atmospheric corrosion 


the annealed state. The combination chromium and alu- 
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CHROMIUM-ALUMINUM STEELS 


these same percentages, found var- 
steels group produced alloy having resistance super 
the first two steels may assumed 


that and aluminum are mutual benefit each 
other elements remaining the same, the resistance 

but with exception the nickel and copper-bearing steels, 
that stainless iron containing 12.5 per cent chromium 
0.10 per cent maximum, due the that 
annealed aluminum steels containing about per cent 
whieh would ordinarily produce immunity atmospheric cor 
the high present, detracted greater degree than 
aluminum aided. Although the steels were tested the 

the majority the alloys would not show any 
appreciable difference the heat treated condition due the fact 
that they were practically nonhardenable and only slight carbide 
solution was those alloys, capable carbide 
solution elevated temperatures, would expected show 

proved resistance the heat treated 

Steels containing small percentages nickel showed 
improvement over the same steel nickel-free. 

Copper approximately per cent produced very marked 
resistance. every case, the copper-bearing 
steels, regardless other alloys present, showed exceptional re- 
Steel group analyzing carbon per cent, 
vanese 0.61 per cent, silicon per cent, chromium 9.37 per cent, 
aluminum per cent, copper 1.26 per cent, tungsten 1.55 per 
cent, the annealed condition exhibited better 
surface than stainless iron and nearly equal quality the sur- 
hardened stainless steel after months exposure winter 
This same aluminum steel with carbon under 0.10 per cent 
ened stainless steel, 

Small amounts vanadium, molybdenum, cobalt, tungsten, 
and manganese, had neutral while increased carbon de- 
creased resistance but not the extent produced straight 
chromium 


extensive tests were made determine the resistance 
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; 
= 


acids, but was observed that the entire series was res 
steels, nitric acid attacked the samples only 


at. 


Perfect forgeability, considered from the th, 
standard upsetting test mentioned under description tests 
exhibited the following typical steels; groups Steels 
with per cent silicon did not interfere with the per 
feet hot working qualities carbon the chromium 
aluminum steels, however, with the carbon, chromium and man 
vanese within the composition limits groups the 
qualities depended the total aluminum and silicon 
this time, conservative estimate the analysis limit 
forgeability would maximum total content aluminum and 
silicon approximately 5.5 per cent with silicon not exceeding 
about per cent. doubt, more careful manufacturing and 
forging practice would increase this maximum value. 

(iroup steels and steels group forged well, from 
2100 1400 degrees Fahr. with equally good 
However, from the standpoint the structural 
properties induced, high range 2100 1900 degrees Fahr. 
preferred. steels groups and forged best 1700 
1400 degrees Fahr. 

general, steels containing total aluminum 
content over 5.5 per cent did not possess consistently pertect 
hot working qualities. Forging thin disk deseribed, usual 
resulted the formation one more cracks the edges. 
The forging test question quite severe, and not desired 


infer that the higher aluminum and silicon steels exhibited poor 
forgeability ordinarily considered. Certainly hammer 


cogging and rolling operations, serious difficulty was encoun 
tered with any the compositions investigated. 1700 1400 


was found the best forging range for steels 


over 5.5 per cent total aluminum and silicon content, and con 
taining other elements within the analysis limits the investiga 
tion. 
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CHROMIUM-ALUMINUM STEELS 


Table 


Tensile and Impact Values Typical Chromium-Aluminum Steels 
Normal Temperatures 


Analvsis, Per Cent 2 
0.34 1.1 8.6 22.6 45.5 118 break 
173 160 13.8 32.9 117 
t 0.41 1.10 ». 80 $1 i125 105 3.0 23 
0.87 8.47 4.45 1.04 0.90 108 22.6 48.4 116 break 
Heat treated 2250 degrees Fahr., quenched in water, tempered at 1200 degrees Fahr 


With the exception nickel, the addition other alloys 
the small amounts concerned, did not 
compositions required more care, but under proper 
forged satisfactorily. When the nickel content was 
the most desirable physical properties resulted after high forging 
range approximately 2000 2200 degrees Fahr. When the 
steel was dominantly ferritic, the most desirable forging range was 
1800 1500 degrees 


STRENGTH NORMAL AND TEMPERATURES 


Assuming approximate average composition carbon 
from 0.70 per cent, manganese 0.50 per cent maximum, and 
from per cent, tensile values depended primarily 
the total percentage aluminum and silicon. With silicon 
one per cent and aluminum below about per cent, 
silicon decreasing approximately 0.25 per cent less with 
inereasing about 5.2 per cent, normal values 
strength and were obtained. aluminum 
silicon excess the above limiting ranges, 
ductility without materially affecting the ultimate strength. Table 


gives the tensile and impact values several 
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Table 
High Temperature Tensile Values Typical 
Analysis, Per Cent 
. 
0.62 0.34 8.6 3.9 1500 9500 67.9 
1650 5450 85.9 Qs 
1650 5075 47.4 
0.43 0.47 0.87 8.47 4.45 1.04 0.90 1500 


With the one exception noted, all values were taken from annealed 
samples. 

With the exception vanadium. amounts other 
loys added, did not produce any noticeable change the 
properties. About per cent vanadium added steel 
eral analysis, carbon 0.40 0.50 per cent, silicon 0.40 


per cent, and chromium per cent, permitted the 


aluminum 
content increase 5.6 per cent without ‘reasing the ductility 


impact values. which the other alloys might ordi 
narily exert was doubt completely masked the predominatiny 
influences the basic elements, car bon, chromium, aluminum, and 
For example, the nickel steels, there was 


any additional toughness. fact the higher aluminum 


per cent nickel appeared further decrease the low 
ductility values. 

Table gives typical results tensile values high 
Values chromium-silicon steel are for 
comparison. will noted that the strength 1500 and 1650 


degrees Fahr. the aluminum steels compares favorably 
that chromium-silicon steel. 


Impact VALUES 


impact values were found vary directly with the 
ductility values the tensile determinations and the same 
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CHROMIUM-ALUMINUM STEELS 


apply both properties. Typical values 


Table 
SUMMARY AND CONCLUSIONS 


The particular chromium-aluminum steels 


briefly follows. Alloys containing about 


cent aluminum, per cent and per cent 
maximum silicon and earbon, possessed high ranges and 
yery stable alpha phase, the stability which with 
varied inversely with the stability the 


the aluminum, chromium, and silicon 
ond directly with the carbon containing about 5.5 
per cent aluminum, per chromium, per cent silicon and 
per cent were dominantly ferritie all 
Depending the total aluminum, chromium content, 
the alloys exhibited complete resistance oxidation temper- 
positions investigated the annealed condition were 
portance from the standpoint resistance 
rosion. Perfect forgeability characterized those steels containing 
total aluminum and silicon content not more than 5.5 per 
with silicon maximum per cent. Tensile and impact 
values depended primarily the aluminum and silicon contents. 
With silicon approximately per cent and aluminum about 
per cent less, with silicon about 0.25 per 
cent and aluminum increasing maximum about 5.2 per 
cent, normal values good strength, ductility, and impacts, were 
obtained. aluminum silicon excess the above limit- 
ing ranges, decreased the and impact values without 
materially affeeting the ultimate strength. 


were exceptionally good. 


Tensile values high 


The addition the above basic composition range any one 
the alloying elements, nickel, tungsten, molybdenum, copper, 
vanadium, manganese cobalt the amounts covered this in- 
affected the physical properties follows: 


The effect nickel depended the value the ratio 


per cent nickel 


silicon 


Total per cent aluminum chromium 
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When this ratio value was approximately 0.20 less, the 
nickel hardness, microstructure and resisting properties 
was nil. When the ratio value exceeded 0.20, lowered the 
range, produced more stable gamma phase, less 
alpha phase and lowered the sealing 
increase hardness occurred the nickel steels, reheating 
approximately 1100 following 


Water 
quench from about 1300 


Nickel slightly aided 
sistance corrosion and made the steels more 
tive hot 
surface the oxidation tests elevated temperatures and 
are considered suitable additions where this property concerned. 
Copper per cent produced decided increase 
atmospheric 
Vanadium per cent, extended the aluminum and silicon 
limits for ductility and impact values about 
aluminum with silicon under 0.40 per cent. 


aided grain refinement. 


5.6 per 
Vanadium also 


Manganese decreased resistance oxidation elevated tem 
peratures, 
The cobalt was neutral all the physical properties 
investigated. 
APPENDIX 


Some the observations other investigators, they con 
cerned this present research are briefly follows: 

found that aluminum did not affeet the hardness 
iron and its action this respect was similar that silicon, 
sulphur, phosphorus, arsenic, and copper 
manganese, chromium, tungsten, and nickel. About 
per cent aluminum 0.20 per cent carbon steel was considered 
the limit for good per cent, aluminum had 


little the mechanical properties iron; over 
percentage, the iron was stronger tension but brittle. 

equilibrium diagram shows that under 
mately per cent, aluminum remains solid solution with 
ordinary temperatures. 


Iron and Steel Institute. Vol. 38, 1890, pp. 161 


fiir Anorganische und Allgemeine Chemie, Vol. 57, 1908, 
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CHROMIUM-ALUMINUM STEELS 


found that the presence aluminum prevented 

assuming its ordinary the tendeney being form 
With 0.80 per cent steel, the limit 
per cent. 
found that the action aluminum stainless 
was similar that silicon, only much more pronounced. 
One per cent aluminum raised the Ac, temperature 120 degrees 
Cent. and made the thermal curves This 
extent, produced low impact values and coarsened the frac 
Aluminum 1.5 per cent raised the sealing temperature 
from degrees 950 degrees high hardening tem 
peratures were required produce any carbide 
effect. Aluminum retarded tempering well 
solution free ferrite and even when solution, promoted the 
instantaneous precipitation ferrite when quenehed 

Gatward and reported that aluminum 
cent the strength carbonless iron direct proportion 
the amount added and affected toughness slightly. 
loys containing 0.10 per cent carbon, least per cent 
aluminum had marked effect upon either the strength tough 
the alloy. appeared that 0.10 per cent carbon was suf 
0.40 0.60 per were forgeable with 
tions, however, were brittle. 

The following method was used our laboratory deter 
mining aluminum steel containing chromium and aluminum. 

After solution about complete oxidize with 
meters, 

wash. Add eubie centimeters ether. Keep solution cold. 


ial, Iron and Steel Institute, Vol. 70, 1906, 16. 
‘VI 


penny’s “Stainless Iron and 


ersity Experiment Station Bulletin 95, January, 
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Mix. Let settle. Draw off the bottom layer into 
ratory funnel, and make another ether separation 
the bottom layer into 400-cubie centimeter beaker. 


SPT) 


Kivaporate off excess ether warm plate, and 
orate centimeters. Add 100 centimeters Wat 


er 
the chromium with sodium peroxide, using excess. 


ter off 125 centimeters, equivalent one-half sample 
Add excess and boil. Add NH,OH until there 


pulp, 
Let the aluminum hydroxide precipitate settle. 

and wash with hot per cent ammonium nitrate 
Dissolve preciptate with cubie centimeters hot 
Reprecipitate the aluminum hydroxide with NH,OH 
and wash well with per cent ammonium nitrate wash. 

Burn off weighed platinum crucible. Moisten with 
fumes. Again ignite. Cool. Weigh. The difference 
weight multiplied 106.06 equals the per cent aluminum. 


DISCUSSION 


Written Discussion: Homerberg, Massachusetts Institute 
Technology, Cambridge, Mass. 

The anthors are congratulated the completion 
exhaustive study the effects aluminum steels containing combin: 
tions various other alloying elements. 

remarks are entirely confirmatory nature. Although most 
study has been related mainly nitriding steels containing not over 
per cent aluminum, some work has been done steels containing 
higher amounts. The remarks made the authors, especially the state 
ment that the presence aluminum certain steels tends enhance 
their resistance scaling well increase their tensile strength 
elevated temperatures, are agreement with observations. 

The results study nitriding steels together with the results 
the present investigation indicate clearly that aluminum valuable alloy 
ing element well active deoxidizer. 

Written Discussion: George Charlton, Rich Tool Co., Detroit. 

wish thank the Society for sending copy the paper whieh 


has just been presented, thereby giving opportunity study the 


work leisure, and wish congratulate the authors the painstaking 


and complete manner which they conducted the investigation. 
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DISCUSSION 


been these types steels for several years, find 


reeing with the authors’ findings, 


The test whieh deseribed page under 

standard upsetting test with US; and, instance, 
taining carbon 0.50 per cent, chromium and 4.50 per 
aluminum will submit the test readily 


Water Regarding Steels having 


The addition nickel modifies this The addition 

are wish that the authors had given their observations 


Some the heats produced without content show large crystal 

formations are not easily broken addition one-half one 

Wash. cent more nickel always produces refinement. Tungsten also 

refining influence, but not the same extent and does not 


ave the same influence the points, 
The effect resistance these types steel well 
ash, 


water. 


{ferences 


comparative resistance All the disks differ 


necessarily subjected the same 
testing the comparative seale 


steels any one arbor must 


resistance different mate 
oxidizing atmosphere the furnace for scaling, proper 

can only made when the pleces are 


run the same time. 


certain temperature cannot com 


accurately with sample another steel sealed the same tempera 


ture several days later, 


Aluminum, combination with per cent chromium, not 


is, taking steel No. 59, page 


such ind substituting 3.15 per 


resistance high temperatures, 
758, which has 3.15 silicon, chromium 

aluminum for the silicon would make 


seale resistor high temperatures, but raising the 


aluminum 


4.50 per cent would make 

most using analysis 16, page 736, and raising content 
over per cent remarkable heat resisting material produced will not 
ntaining lose its ground polish 1800 degrees 
state interesting part the paper the tensile high 
enhance page 758, Table studying the figures given for steel 
No. 59, note 1650 degrees stre 5075 pounds per square 

This figure suggests that the tensile test pieces were the 
sults state, taking steel this analysis and heat treating 
alloy 


maximum hardness, 


and tempering 1000 degrees Fahr., 


tensile 
1650 degrees Fahr. 8950 pounds per 


square has been 


has been experience hot pulling tests that the 
whi temperature with the heat treatme the the 
hardness the hardening operation the higher will the value 
staking obt 


pounds per square inch. mention this suggest that all the 
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pounds per square inch figures given Table may raj 

Comparing the strength steel No. with the aluminum 
have also found the aluminum steel have greater strey 
degrees Fahr. 

The paper clearly shows that the range chromium-alum 
resistanee high temperatures increases but the ability obtain 
hardness values decreases. When desirable produce high 
oxidation and high hardness values for wearing 
binations. typical analysis this series 1.00 per cent 
per cent chromium and per cent aluminum, and this will give all 
greater physical values than the series under 
outside the scope the present paper. 

hope that the authors the paper will continue their investigati few 
these types, and sure that members present all thank them 
generously giving the result their labors. 

Written Discussion: Gifliths, Duraloy Co., Pittsburg) 

The affinity chromium for high chromium alloys 
established fact. all ranges analyses, the alloys can dissolve solid 
solution the gamma phase appreciable amount 
the ferrite alpha iron solid solution not considered capable 
the amount carbon present alloy under 

Alloys and Chromium’’, January, 1926, states that amount 
great 0.20 per cent carbon may soluble ferrite after 
also stated the same article that delta iron the high 
ferrite phase capable absorbing even greater amount carbon 
solid solution. The temperature, 1350 degrees Fahr., too low for 
formation delta iron and the one hour treating period used very short 
produce carbide solution inasmuch chromium irons 
their transformations. 

There are two other possible explanations which should thi 
interpreting the observed facts. The first and more probable one that 
the observed are nitrides. The appearance 


nitrides, under the these alloys present regarded 
essentially identical. The temperatures transformation the case 
alloy are those which are favorable the solution and 
nitrides. 

The second that the formation new phase constituent 
was Bain and Griffiths paper, ‘‘An Introduetion 

926. This constituent forms from the ferrite phase certain ranges 
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DISCUSSION 


and The chromium and niekel present alloy are 
and vanadium are similar chromium their effeet 


ferrite condition, makes this phenomenon worthy consideration, 


Written Discussion: Armstrong, consulting engineer, New 
want congratulate the authors their painstaking investigation 
and find the authors’ investigation and 
the paper. 


corrosion resisting properties but does not add their heat 


resisting properties, unless the high, that more than 
few With high nickel content, 
distinetly different from the series, and 
luminum series very markedly superior tron 
series, having some characteristics similar and 


other properties which make different alloy. 


Authors’ Reply Discussion 


iron solid solution not considered capable dissolving the amount 


carbides into The larger carbides 
are not this treatment. wish emphasize then that only 

portion the earbon present alloy goes into solution the alpha 
The exact amount carbon soluble this alpha iron degrees 
not been accurately determined this time Some pre 
liminary tests, however, have been Weighed samples each 
conditions shown micrographs 11, and 13, were exposed attack 
dilute cold acid until solution was was noted 
that the samples represented micrographs and were readily 
tacked and dissolved considerably faster than the sample 


original sample was follows: 


Steel represented micrograph cent weight 
Steel represented micrograph cent weight 0.7 
Steel represented micrograph cent weight 1.2 
More detailed experiments are now being made but date 


thing further 


the third paragraph, Mr. Griffiths suggests that the precipitation 


the most probable explanation this phenomenon, 
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The nitrogen content steel was determined 0.015 
amount about normal for steels made small eleetrie 
authors not believe this percentage nitrogen 
the changes hardness. nitrogen were the determining 
other steels made the same way and containing the same amount 
would show the same phenomenon. However, find this 
the last paragraph Mr. Griffiths’ discussion 
that new phase constituent similar the constituent 
Bain and Griffiths’ paper entitled Introduction 


the Chromiw 
may responsible for the unusual 
ness. the fourth page Bain and paper, the 
defined follows: 


constituent, usually filled with faint 

form- dark etching, solid dispersion sub-microse 

Weakly magnetic, hard, and often 

mediate form ferrite changing ‘‘B’’ constituent 

time heating low temperature. 


The fact that alloy all three conditions represented 
graphs 11, and 13, fully magnetic, would eliminate the possibility 
the massive form constituent. The troostitic form 
stituent resembles steel the condition shown Fig. 
this condition the alloy soft and the stable low temperature form 
constituent, thus making this explanation also improbable. 

The authors thank Mr. Charlton for his interesting and complete dis 
cussion. His observations the refining action nickel 
are accord with the authors’ results. The reference tensile strength 
elevated temperatures interesting. All the values given this paper 
were taken from annealed samples. Mr. Charlton’s report indicates that 
heat treatment will improve these values, thus adding the desirable quali 


ties chromium-aluminum steels. 

Mention also made new series aluminum steels containing 
per cent carbon, per cent chromium and per cent This 
analysis familiar the authors and considerable data has been 
tained. For certain purposes these high chromium steels are superior the 
lower chromium high aluminum alloys reported this paper. 
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PROGRESS MADE THE USE ELECTRIC 
FURNACES FOR HEAT TREATING 


Abstract 


The object the paper show the present status 
electric furnaces, the extent their use for heat 
and some new types that have been recently 
developed. 

The development electric furnaces re- 
viewed and their advantages for heat treating are 
ed. out. 

The rapid increase the use electric furnaces 
shown the principal installations, describing 
briefly some the individual furnaces and their opera- 
tion. Photographs are shown illustrate the various 
types. Reference made specific applications, 
ing furnaces for annealing tool steel bars and rods, and 
furnaces for annealing sheet steel for electrical 
machines, the latter without the use boxes. Large 
savings are shown this method. 

Among new developments, electric furnaces for 
ing are referred to, also continuous furnaces for the new 
process copper brazing, and for annealing atmos- 
pheres protecting gas. 


remarkable increase the efficiency manufacturing 

operations during recent years has frequently been made the 
subject comment, and the application knowledge 
the problems industry recognized important factor 
this Metallurgists have made outstanding contributions 
intensive studies the characteristics metals and alloys, 
which have not only revealed new facts regarding the metals 
themselves, but have shown that materials with entirely new 
properties can produced proper manipulation 
ment. result, industry now has its disposal series 


steels and other materials having the special properties required 


paper presented before the tenth annual convention the society held 
Philadelphia, October 12, 1928. The author, Otis, member 
associated with the industrial heating and welding engineering 
General Electrie Co., Schenectady, Manuscript 
July 1928. 
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for high speed cutting tools, for forging and stamping 
and also materials for fabrication into that 
will give long wearing life severe and sustained service. 


Such materials and such machines have made 


workmen all lines industry produce goods quantity 
and quality that would have been considered fantastic coy 
paratively few years ago. 

The exacting work the metallurgists required care 
preparation and treatment their materials, and 
they have used electric furnaces their laboratories, 
securing accurate temperature control the heating proces- 
ses, and avoiding contamination the materials under 
ment. was however quite impracticable reproduce these 
ditions the factory, and this fact operated prevent industry 
from taking full advantage the scientific developments heat 
treatment. 

The electric furnace, therefore, was great value means 
securing data upon which the heat treatment metals 
based, and was only question time until would find 

The enormous increase the use heat treated products 
will appreciated when recalled that twenty-five years ago 
the art heat treating was secret, known relatively few 
workmen, while today represented this society with its 
thousands members. Also that the earlier auto 
mobiles had few any heat treated parts, compared the auto 
mobiles today, which all parts subjected severe shock 
stress wear are heat treated. 

Uniformity treatment and expeditious handling are 
portant considerations volume production, and many types 
furnaces have been developed meet the requirements. Some 
these furnaces, together with their auxiliary equipment, are 
fully their operation, both regards temperature 
control and mechanism for the work through. They are 
heat treating machines, and represent 
advanced engineering comparable the advances made 
other lines. 

The increase the use electric furnaces since 1920, 
they recognized important industrial tool, has been 
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ELECTRIC FURNACES 


true that the preliminary work had been done, 


way had been paved applications, the 


operating many these furnaces during the war 


Fig. Rotary Hearth Furnaces with Tipping Trays for Automatie 


period for the heat treatment gun forgings, but their reliabil 
ity and economy competitive industry had yet demon 
strated, 

These were demonstrated due course, one indus 
after another, with the result that there are hundreds 
furnaces operation today for annealing brass and cop 
per, vitreous enamelling, ete., well for heat treating. 

The advent the electrie furnace into the industrial field 
decided influence the design all furnace equipments. For 
example, temperature control was unknown until 
was developed for use with furnaces, and now con 
sidered prime requisite heat treating furnaces whatever 
Also, improved design many ways has resulted from 
equal the performance furnaces. 

users generally, therefore, have received the bene 
improved equipment every type. Modern electric fur 


ber 
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naces are readily adaptable special forms designs earths 
act that they 
located the most advantageous point and fitted 


and carriers meet unusual requirements, and the 


nto the 


ad\ intages 


speeding production, reducing the cost 


production scheme like other are important 


and 
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Fig. 2—Typical Pusher Furnaces for Hardening Gears and Other Parts 


creasing turn-over. They leave little desired the way 
operating characteristics adaptability, and discussion the 
choice furnaces will finally center about the cost heat. 

any particular case, the cost heat can accurately pre 
dicted under the contemplated operation, and 
fairly simple matter. remains, however, this 
against the incidental economies and advantages procurable with 
the various types furnaces under consideration, which not 
simple. The mistake should not made reaching 
clusion the basis cost heat alone, any other single 
item, but all factors having bearing the problem should 
given due consideration. 

The manufacturer’s object produce the highest quality 
product the lowest cost, and heating operations 
viewed part the whole process, rather than merely the 
economical use fuel furnace. The use electric furnaces, 
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may permit complete rearrangement 


facilities, other ways make possible 
many times greater than the cost heat. 


The heat for most products about one per cent 
their value. The difference between fuel and electric heating, 


there difference, will small the average case 


Fig. Pusher Type Counterflow Annealing Furnaces, 


have appreciable effect the production cost. This dif- 
ference would easily outweighed any reduction the num 
ber rejects retreats, greater uniformity, permitting higher 
speed cutting operations, lower labor cost, facility handling 
materials other savings rearrangement. incidental 
factors are quite important the cost heat, although they 
readily obtained for comparison. 

The actual cost heat some applications less with elec 
tricity than with fuels. This particularly true where long heat 
are necessary and losses are large part the total heat 
requirements, where surplus material must heated such 
annealing pots, that can eliminated with furnaces. 

the latter case the economies come not only from the 
rect saving pots, but from the heat heat them, and the sav- 
ing time, which results greatly increased output from equip- 


that can operate without them. subject discussed 


they 
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ntages 
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\I 
detail later, with special reference annealing sheet 
and punchings for electrical machines. 

That furnaces have been found 


their extensive and increasing use many large 


ing plants, and order show the growth and the status 


Fig. 4—Group Four-track Pusher-type Carburizing Furnaces 


electric furnaces the present time, list some the prin 
cipal installations furnaces used for heat treating 
prepared. Some these installations have been 
published articles from time time, but list that will 
more comprehensive survey may interest have 
some historical value the future. 

Many these plants started with one two electric fur 
naces for trial for some special purpose, and have continuall) 
added them. 

addition the installations listed, there are many others 
having one furnaces various types, also hundreds 
smaller box-type and furnaces, lead and cyanide 
pots, tempering furnaces, ete., which would impossible 
enumerate here, but which, nevertheless, form large and impor 
tant group furnace users. 
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Plant No. Parts 


The furnace equipment this plant consists the 
following 

Rotary hearth furnaces, hearth width, 
into quench, has two temperature control zones, one operated 
1600 degrees for normalizing. Output per 
time clocks. 

pusher furnace for carburizing; 42-foot work 
ing length; Chambers inches wide: kilowatts each 
the chambers. Two control zones each 
separate units, either one which may used while the other 
idle desired. 
different time and operating temperatures may 
furnace this type. 
Time eyele Average net 4.35 pounds per kilowatt hour, 


5—Cyanide and lead pots inches 
Plant No. 


The equipment this factory the following: 
Rox furnaces feet wide, feet long, groups 
Loaded charging machine, Pushed through 
tanks. Average time furnace hour, output 
hour pounds per kilowatt Every piece 
hardness. Retreats one per 

furnaces feet wide, feet long for annealing and 
ing forgings. Kach has tracks. Material through 
trays 

size forgings. 

alloy steel ring gear forgings. 1650 degrees hold 
definite time this temperature, then slowly The 
quires hours. Radiators built into the and air 
blower, drops temperature from 1650 1320 degrees 


valves from temperature control 
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Furnace feet long inches wide. Work put through 
inches. Discharge end one chamber beside loading 

other chamber. Saves transporting trays. They are 


culated through the furnaces. Pans are hot when loaded, 
stored heat. 
3—Rotary furnaces for carburizing. Inside diameter hearth feet, 


diameter 22% feet. Capacity each furnace 500 kilowatts divided 


Fig. Pusher Furnaces for Hardening Ring Gears. 


into three temperature control zones. 


quenched from the 
box. 


The three furnaces produce approximately 1,000,000 pounds 

parts per 

‘Two-track counter flow pusher furnaces for carburizing 48% feet long, 
each chamber wide, 110 kilowatts each chamber, 
divided into two temperature control zones. 

5—Rotary furnaces for hardening gears. Hearth diameter 10% feet, width 

inches. The parts from these furnaces are dipped 
for brief interval before quenching. Cyanide pots referred 
later. 

1—Rotary furnace, 18-inch wide hearth, 135 kilowatts for normalizing 

flywheel starter ring gear blanks and for hardening the finished 
gear. 

1—Rotary furnace, 12-inch wide hearth for brazing. 

2—Roller hearth furnaces for hardening ring gears, each having two 

chambers one above the other. Chambers feet long, 
wide. Each furnace heats gears per hour. 

5—Cyanide pots inches diameter, kilowatts each. 
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Plant No. 


manufacturing plant has the following electrie furnace 


Pusher-type carburizing Each has tracks heated the full 


length (not counterflow), 440 kilowatts each. Parts quenched from 
the box. Used for ring gears; gears per box, boxes per hour 
per furnace; hours furnace. operation time 


clocks. 


Pusher-type counterflow normalizing furnace for miscellaneous forg- 


feet long, feet wide, 170 kilowatts. Output 1750 pounds 
per hour. Work carried trays; hours furnace; pounds 


per kilowatt hour. 


Pusher-type furnaces for hardening differential gears, drive pinions, 


ete., 110 kilowatts each. 


Pusher furnaces smaller size; kilowatts each for hardening small 


parts. 


Vertical pusher furnaces for hardening ring gears, quenched Glea- 


son machines. kilowatts each. gears each per hour. 
pounds per kilowatt hour. 


Vertical tempering furnaces. inches diameter with circulating 


Plant No. 4—Automobiles 


This automobile plant equipped with the following electric 
furnace equipment 


6—Four-track counterflow pusher furnaces for carburizing feet long. 


Pusher furnaces for hardening axle shafts. 


Small pusher furnace with rows trays for hardening 


Small continuous furnaces, for hardening shackle bolts. Parts 


Three temperature control zones. Two are used for smaller gears 
and connecting rod pins, ete. Two are used for cam shafts. One 
used for ring gears. One for differential gears and 
parts. Boxes furnace hours. 


other small 


Round boxes for ring 
gears—long boxes for cam shafts. 


Pusher furnaces for hardening cam shafts. 
Pusher furnaces for hardening connecting rods. 
Pusher furnace for tempering connecting rods. 


Counterflow pusher furnaces for annealing small iron Heated 


1300 degrees Fahr. Output 1300 pounds per hour for each 
furnace. furnace hours, about 
zone, 


hours hot 
One man each end loads and unloads both furnaces. 


quench. 


Pusher furnace for tempering axle shafts, 1000 degrees Fahr. Sent 


through two rows high Tempers axles hardened 
above furnaces. 


piston pins, 
tappet rollers and small parts. 
are 


supported notches fish-bone strips. Strips pulled through 
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traction wheels discharge end. 
per hour. 


Single row, Cap: 


Larger furnaces similar above. Two rows 450 600 per 
2—Small pusher furnaces for king bolts. Capacity 225 per how 
rows pins laid lengthwise with hearth 


cam mechanism, 


Rotary hearth furnace feet diameter hearth, for 


pinions, ete. kilowatts. 400 500 pounds per hour. 


2—Rotary hearth furnaces. Hearth feet wide, feet dian 


> 


Fig. Furnace for Annealing Roller Bearing Stock. 
eter, three control zones, 250 kilowatts for normalizing forged 
blanks for ring gears and drive pinions. One operates 1600, 
the other 1300 degrees Fahr. 1800 1900 pounds per how 
output. 


hearth furnaces, duplicates above, for front axle parts, arms, 
spindles, one operates 1500, other 1300 degrees 
Plant No. 5—Automobiles 
This plant has the following electric furnace equipment used 
heat treating the various parts the car. They are follows: 


hearth furnace for hardening transmission 
gears. feet long, inches wide, 861 kilowatts. Two femper 
ature control zones. Work goes through skeleton racks with 
pins. Output 760 pounds per hour gross, 550 pounds net. 


pusher furnaces for hardening ring 
son Machine, each gears per hour. 


Pusher type furnaces for annealing, hardening and tempering axles. 
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kilowatts hardening and annealing furnaces, 190 kilowatts 
tempering furnace, 

chamber pusher furnace for normalizing forged 
time, cooled radiators definite rate lower tem 
perature and held for time, then slowly cooled, 

type, 4-row furnace long, kilowatts 


for piston pins and other small parts. 


Plant No. Parts 


The furnace equipment this plant consists the 

furnace feet long, feet wide for hardening and anneal 
ing large die blocks air quenching 4500 pounds 
each, load, temperature 1600 degrees Fahr. 

shafts. 

Harden, quench and temper are fully time Man 
puts parts loading platform only. Shafts many different 
sizes are handled. Output 6000 7000 pounds per hour. Over 
million pounds have been Parts delivered 

from tempering furnace straightening 

Mean diameter hearth 23% feet. Outside diameter 

kilowatts. 


Plant No. Machinery 
following electric furnace installation used the heat treatment 
parts: 

furnaces, hearths feet 64% feet for heat treating steel 
castings, arranged with quenching tanks, loading platforms and 
charging machine for expeditious handling 
1000 4000 


furnace feet for large castings, shafts and forgings. 


Plant No. 
This plant manufacturing tractors has the following electric 
furnace 


with 3-foot wide hearth, 195 kilowatts. 

with 2-foot wide hearth, 165 kilowatts. 

type normalizing furnaces, 175 kilowatts each. 

Rotary with 5-foot wide hearth, 150 kilowatts for heat treating crank 
shafts. 

Roller hearth furnace for hardening gears. 
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Fig. 7—Car-type Furnace for Annealing Alloy Steel Bar Stock. 


Plant No. 9—Agricultural Implements 


the manufacture agricultural implements, 
has the following electric furnace equipment 
4—Rotary with 2-foot wide hearth, 155 kilowatts 
4—-Pusher furnaces, kilowatts each. 
furnace, 150 kilowatts each. 


pusher carburizing furnace, 355 kilowatts. 
type furnace for shrinking, kilowatts. 
Plant No. 10—Agricultural Implements 


This agricultural implement plant has the following electric 
furnace installation: 
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mber, 6-track countertlow furnace feet 
mber furnace, feet wide for carburizing large gears 
hoxes feet 


furnace similar above wide, 


Plant No. 


the manufacture tractors this plant has the following 


furnace equipment 


Box furnaces feet long, feet wide for annealing tractor 
Cooling one end, 120 kilowatts 

Pusher tempering furnaces, feet long, feet wide, with tracks, 
kilowatts for tractor parts. 

hearth furnaces, 3-100 kilowatts and 2-120 kilowatts for hard 
ening. 

hardening furnace feet long, inches wide, 120 kilowatts 


Plant 


the following furnaces: 


Rotary hearth furnace with 3-foot wide hearth, 175 kilowatts with 
control zones, 

hearth wide hearth, 175 kilowatts arranged 
with tipping trays discharge parts. Two control 
ZONES, 

Box-type feet long, feet wide. Flat hearth for annealing mis- 
parts, kilowatts each, 


side, each chamber feet wide. 


Plant No. 


Another automobile plant has the following furnace 


equipment 


Rotary with 5-foot wide hearth, 325 kilowatts. 
Rotary with wide hearth, 150 kilowatts. 
Rotary with 2-foot wide hearth, 125 kilowatts. 
Rotary with 18-foot wide hearth, 
Rotary with 18-foot wide hearth, kilowatts. 
feet long, feet wide, kilowatts each, 


Plant No. 


Still another automobile plant has the following electric fur 


nace 


Rotary with 3-foot wide hearth, 150 kilowatts. 
Rotary with 2-foot wide hearth, 125 kilowatts. 


feet long, feet wide, kilowatts 
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Plant No. Bearings 
the ball bearings this plant has 
lowing equipment: 


Fig. Hearth Furnace for Hardening Ring Gears. 


furnaces, feet feet, 150 kilowatts each for 


nealing forgings for bearing races. 
Plant No. Machinery 
This plant has the following electric furnace installation: 
furnaces feet feet, kilowatts for annealing and 


parts for textile machinery. 


Plant No. 17—Sewing Machines 
the manufacturing sewing machines this plant has the 

following electric furnace equipment 

3—Car-type furnaces, feet feet for annealing coiled wire and 


strip pots. 


Plant No. 18—Steel Furniture and Building 
This concern manufacturing steel furniture 
equipment has the following electric furnace 


: hanks, jails, ete, 
the fol Plant 19--Motor Trucks 
t {) 
the motor this plant has the fol 
the annealing steel castings this plant has the follow 
ing electric furnace equipment 
steel With heating chamber motor 
driven transfer table. Charge tons, two heats per day, 
Plant No. Castings 
Plant No. Equipment 
This concern manufacturing plant 
the following furnace installation 
furnace feet long, feet deep, feet wide, 900 kilowatts, 
1600 degrees for heating heavy steel plates edge, pre 
paratory rolling into large pressure vessels, 
watts, 1200 degrees for relieving welding strains 
for pressure vessels. Load 200 300 tons. Cools the furnace, 
Twenty-two vessels have been per month. 
Plant Apparatus 


This company manufacturing electrical apparatus the 
following electric furnace equipment their op- 
erations 

Group for heat treating gears for railway 
has the motors, consisting of: 


feet feet, for hardening, 105 


for tempering gears. 
hearth for tempering pinions. 

furnace, feet 614 feet, 240 kilowatts for heat treating forg 


ings for turbine wheels, shafts, ete. 
furnace, 27% feet feet feet high, 620 kilowatts, 1000 


degrees Fahr. for annealing large iron castings for turbines. 


j 
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2—Car furnaces, feet feet feet high, 1000 
degrees Fahr. for annealing large steel castings for 

2—Box furnaces, feet feet, 200 kilowatts, for treatin 
rings for turbo-generators, 

furnaces, feet feet, 115 kilowatts, for heat 
bucket stock. 


Fig. 9—Group Electric Furnaces for Forging. 


3—Box furnaces, feet feet, 105 kilowatts, for carburizing and 
annealing. 

furnaces various sizes for annealing and 
punchings (referred 

furnaces various types and sizes for assembling parts 
the copper brazing process (referred elsewhere). 

Box-type furnaces various sizes for dies, tools, molds, 


Plant No. 24—Roller Bearings 


the manufacture roller bearings this company uses the 
following furnace equipment 


2—Rectangular pit furnaces feet long, feet wide, feet deep, 
850 kilowatts each, for annealing bars alloy steel. Will tak: 
charges tons. Cooling coils are built into the fur 
nace aceelerate cooling after critical range 
Air forced through the coils blowers. 

and pusher furnace feet long, feet wide, 
700 kilowatts for normalizing bars before annealing. One mech- 
anism pushes bars into the furnace, another pushes them across 
and another pushes them out. Will handle bars inches 
square. Output 150,000 pounds per day. Power consumed 
kilowatt hours per ton. 


1—Pusher-type hardening furnace feet long, feet wide, 300 kilowatts 
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and pushed through when heated tilting table which 
imps into the quench, 

pit furnaces 100 kilowatts each for annealing small rods 

Car furnace feet long, feet wide, 800 kilowatts for annealing bar 

stock, tons per charge. 
Car furnace feet long, feet wide, 460 anneal 
ing bar stock, tons per 

Probably the largest electric furnace installation anywhere 
the Fordson plant the Ford Motor Company. are 
145 furnaces this plant used for wide variety work, such 
heat treatment and forming spring leaves, heat treatment 
crank shafts, connecting rods, gears and other parts, 
stock for forging. There are 115 furnaces one building, the 
spring and upset department 

for heat treating and forming springs 

for forging gear blanks and similar parts 

pusher furnaces for annealing, hardening and tempering 
for tools, dies and small parts. 

The furnaces for hardening and tempering are 
equipped with slat conveyors and are operated about 1500 
and degrees Fahr. respectively. When removed from the 
furnace the leaves are clamped quenching fixture 
which forms and holds them the desired shape. 

Perhaps the most interesting are the furnaces for heating 
the ends the long spring leaves, for forming the eyes which 
engage the shackle bolts. These furnaces are arranged pairs, 
conveyor running between them that both ends are heated 
simultaneously. The temperature 2000 degrees Fahr. 
ing from the furnace they are placed forming machine which 
curls both ends one operation. each the units leaves 
are heated and curled the rate per minute. The furnaces 
this department are capable handling 6000 
12,000 front springs and 2500 springs for the truck two eight- 
hour shifts. 

The forging furnaces are recent development. row 
them shown Fig. The absence smoke, excessive heat 
and gases very desirable feature which not only permits 
the furnaces the most advantageous points for 
the routing the material but also provides the best possible 


fo 
1 
10 
and 
arts 
| 
~ 


conditions for these employees, that they can work 

efficiency. 


The furnaces operate 2350 degrees Fahr. and are 
forgings, another valuable feature. About 700 pounds 


matically controlled, which insures against burnt 
ings are produced per hour from each furnace, and the 
about pounds per kilowatt hour. Such furnaces may 
extensively the future for light forging work and other 
tions which require these temperatures. 

The continuous annealing furnaces are the four-track 
counterflow pusher-type, alternate rows moving 
tions. 

There are furnaces different types the Motors 
ing. Three these are continuous pusher furnaces, feet 
for hardening order save floor space the tem- 
pering furnaces are built top the hardening furnaces, with 
the entrance just above the discharge opening the hardening 
furnaces. They are the chain the finished work 
returning the entrance end where unloaded. Each unit 
has capacity harden and temper erankshafts per hour. 
Other furnaces building inelude: 

Pusher furnaces for hardening connecting rods 
Pusher furnaces for tempering connecting rods 


furnaces feet long for tempering gears 
furnaces feet diameter for hardening cam shafts 


furnaces for piston pins, push rods, 


the rolling mill there are two continuous furnaces for heat 
ing bar steel for forming ring gears, 300 and 400 kilowatts re- 
spectively, operating 2000 degrees Fahr., six forging furnaces, 
operating 2350 degrees Fahr., and totalling 2700 kilowatts, also 
three continuous hardening furnaces 300 kilowatts each. 

The number and diversity applications this plant alone. 
shows the adaptability electric furnaces many forms and pur 
poses. 


ANNEALING STEEL AND Rops 


furnaces have come into quite general use for 
ing tool steel bars and rods, and number manufacturers this 
material are now using electric furnaces exclusively for annealing. 

Slow required and the material placed covered 
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Fig, Furnace for Annealing Tool Steel 


boxes order prevent decarburization during the long 
which usually about hours total. Five tons the usual box 
load. These furnaces are the feet wide and 
feet long, depending whether designed for one box 
two boxes per load. The connected 120 kilo- 
watts. furnace with loaded box front give more 
detail shown Fig. 10. Temperatures 1450 1650 degrees 
are required for various kinds stock. 

The and time hours, and cooling 
time hours. Three heats per week are usually obtained. 
The power consumed 370 kilowatt hours per net ton annealed 
under good conditions, that when continuous operation and 
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the furnaces charged while still warm, 800 900 


tons will 


furnace designed for two boxes load 
anneal 1600 tons per year, and the total annealing, 
ing power, boxes, labor and capital charges $10.00 
per net ton. This may segregated allowing 


per cent 
interest $10,000, the approximate cost equipment and per 


cent depreciation. 


Power—400 kilowatt hours 
Boxes 0.65 
Labor, use crane and overhead 
Interest investment and depreciation per cent 1.00 


Total 


$9.85 


The advantage furnaces for this purpose lies the 
uniformity the annealed product, and the fact that labor for 
attendance required for the heating operation. 

Re-anneals meet the requirements careful inspection will 
run from zero per cent. pass the same inspection, material 
from fuel-fired furnaces said require considerably higher 
percentage re-anneals. least sixteen furnaces this type are 
use different manufacturing plants, and estimated that 
over per cent the tool steel produced today annealed 
furnaces. 


Plant No. No. Furnaces 


One the manufacturers uses boxes made alloy plate. 
Examination these shows that little distortion has 
taken place after three years use, and apparently these boxes are 
good for many more years service. This due part least 
the uniformity temperature the furnace, the 
absence hot spots, and less chemical action the atmosphere. 

Further experience may show that the cost boxes given 
the tabulation may considerably reduced the use heat 
resisting materials. 


7 
\ 7Q°0 
— 
— 
we 
| 
mi 
‘ 
al 
I a 
m 
> 


Ons 
$10.00 
per cent 
per 


in the 


abor for 


tion will 
material 
higher 
are 
ited that 
ealed 


plate. 
has 
are 
least 
the 
given 


heat 


ELECTRIC FURNACES 787 


é 


~ re 


Fig. Furnace. 


ELEVATOR FURNACES FOR ANNEALING 


The elevator-type furnace particularly well adapted for 
annealing steel products large quantities and are used for such 
materials sheets and punchings for electrical machines, disk 
wheels for automobiles, gear blanks and castings. 

These furnaces consist chamber with the opening the 
hottom, mounted legs elevation above the floor, and car 
arranged run under the furnace platform and 
raised into position cylinder other suitable 
means. Seals around the edge the car and tightly welded 


casing are quite effective excluding air from the heating 
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chamber, and makes the use atmosphere 
desired. 
group them used for sheet steel shown Fig. 12. 
One the advantages attending the use these furnaces 
the elimination the boxes containers formerly used with fuel 


IN 


Fig. 12—Group Elevator-type Furnaces for Annealing Sheet 


fired furnaces, saving the cost boxes, which large item, 
well the fuel and time required heat them. Much the space 
required store them while cooling and some the labor required 
handle them and pack the material also saved. 

The boxes often weigh much more than the sheet 
itself, therefore twice the weight steel must heated, and 
maintenance cost the boxes very high. has been found 
due these factors, the cost annealing with electricity con- 
siderably less than the cost with oil. 

These furnaces have been built various sizes, from one ton 
tons and may thus made any size 
for the manufacturing layout. one instance group small 
furnaces arranged definite relation the presses, 
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material travels from presses furnaces fixed schedule. 

Usually slow cooling not essential, and the loaded car re- 
from the furnace when soaking has been completed. hood 
lowered over the charge protect from the air, and 
another charge put into the furnace while still 
method operation gives large output per furnace and per unit 


two more charges per day being 


and its advantages over the box method will readily 


space, 


appreciated. The power about 200 kilowatt hours per 
ton depending the size furnace, and 

record was kept 1924 electric furnace and 
oil-fired furnace determine the relative cost and quality 
anneal basis upon which reach decision regarding new 
facilities about installed. Both furnaces were practically new 
and the same tons the load. The electric furnace 
used steel plate upon which the sheets were loaded, and the oil 
furnace used one long pot contain the sheets. 

The plates cost $18.00 each and are good for anneals, the 
With ton 


loads this makes the cost plates 0.86 cents per 100 pounds and 


pots cost $400.00 each and are good for anneals. 


cost boxes 11.4 cents per 

difference quality was apparent from examination and 
none Was found magnetic tests. difference 
this comparison, although some saving was expected 
the contemplated installation. 

The per 100 pounds annealed was found be: 


Electric Furnace Oil Furnace 


14.36 


The items labor, overhead, maintenance, interest 
required vive the true cost published, but 
the above figures give the essential facts. 

Three new furnaces, each 314-ton capacity, were contemplat- 
ed, each turn out anneals per week, 6300 tons The 
estimated cost three furnaces was approximately 
and the cost operation $23,000.00 per year less than with 
oil-fired furnaces. 
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sometimes asked why these furnaces will an), 
without scale, when the atmosphere the usual electric 


normal air. 


The reason that the steel contains considerable 


eal 


gases, which are liberated during the annealing process, that 
the resulting furnace atmosphere fact 


The following analyses gas samples taken during typical 


run, show the effect gas liberation the composition 


furnace atmosphere. 


Composition 


Carbon dioxide 
Oxygen 

Carbon monoxide 
Methane 
Hydrogen 
Nitrogen 


Atmosphere 


The furnace was charged while hot. 


Soon after 


end 


i 


Furnace for Annealing Sheet 


At end ol 

Starting Hours Hours 

Per cent Per cent Per cent 
8.7 
0.15 0.1 0.0 
24.5 14.4 13.75 
0.0 0.0 
8.0 5.7 
22.05 72.55 


will noted that the oxygen disappears almost imme- 


diately. The 


results from 


these furnaces 
example the savings that electric heating will permit some 
Manufacturers electrical 


machines have 


furnaces well suited their requirements, and thousands tons 


are annealed them annually. 
furnaces various sizes operation. 


lows. 


Plant 


No. 


Furnaces 


to 


DEVELOPMENTS 


One company has 


these 


list installations fol- 


Used for 
Electrical 
Electrical sheets 
Electrical sheets 
Steel Castings 
Disk Wheels 
Gear blanks 
Steel Castings 
Electrical Sheets 
Electrical Sheets 
Steel Castings 


sheets 
sheets 


The progress design furnaces for heat treating has been 
supplemented furnaces for other uses. 


naces have already been mentioned. 


forging fur- 


The method heating for 
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important effect the quality the finished parts, 
perhaps the least carefully done any preceding sub- 
sequent operation. The opportunities for improvement these 
operations are well worth the attention able and will 
probably receive it. Although time and effort will required 
develop the furnace into forms and sizes required for wide 
application the forging field, there doubt its intrinsic 
value for the purpose, demand for it. 

well known that the electric furnaces high 
temperatures relatively much better than for combustion fur- 
naces: this being characteristic the types. The physical hard- 
ship working near forging furnaces well known, and this hard- 
ship due largely heat that cannot used effectively. 

the average small furnace, gallons oil are used per 
100 pounds forged. This will cost say cents. Electric 
furnaces use about kilowatt hours per 100 pounds which 
cents per kilowatt hour will cost quite obvious 
that the heat will less with furnaces the 
average case, and the advantages greater comfort and higher 
efficiency workmen, choice saving burnt stock, 
are secured addition. 

The maintenance cost these furnaces has yet deter- 
mined, and may prove equal more than for combustion 
furnaces, but will agreed that considerable latitude could 
allowed this item and yet show gain economy. 
Undoubtedly there are interesting developments made this 
field. 

furnaces with atmospheres protecting gas have 
recently been developed for steel parts together, 
making possible the assembly structures from simple 
parts strong alloy weld. 

Atmospheres containing substantial proportion reducing 
vas such hydrogen are essential, its reducing action oxides 
high temperatures thoroughly cleans all surfaces, thereby per- 
forming the functions flux, well excluding air from the 
heating chamber. 

Copper wire chips are placed adjacent the joints 
brazed, and the assembly heated temperature somewhat above 


_the melting point copper. The capillary action the fluid 
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copper causes spread over the surfaces and 
the minutest joints between the parts. 

Furthermore, the limited but definite solubility 
copper these temperatures, causes alloyed union weld 
tween the parts which exceedingly strong and intimate. 
tively large surfaces can effectively joined this method 


Rela- 


and 


Fig. Continuous Copper Brazing Furnace. 


ordinary practice dozens joints are made 
assemblies one operation. The work must cooled well 
heated the atmosphere protective gas order prevent 
and this involves special types furnaces production 
requirements are met. 

intermittent type furnace, adapted for large and 
parts various sizes and shapes, has been developed, and also con- 
tinuous furnaces, adapted large output 
product. One these continuous furnaces shown Fig. 13. 

The charging and discharging doors are the under side 
the shell and opposite ends. The work loaded suitable trays 
which are pushed through roller track hydraulic cylinder. 
All controls are interlocked that the operations must 
out the proper sequence. 

Only part the furnace equipped with heating units, 


proy 
ens 
sel 
a 
‘ 


weld 
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units, 
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noted the terminals the sides, the remainder being 
With water jacket, that the work cooled well below 
temperature before removal. 
The technique this method has also been fully developed 


the past several years, and now employed 
important manufacturing operations one company. should 
noted that furnaces have unique advantage for pro 
this kind, due ability control the atmosphere them. 
furnaces are quite impracticable for this purpose. 
this type are also use for bright annealing certain 
nonferrous metals which they are adapted. 

furnaces have been suggested for bright annealine 
sheets sheet and tin plate mills. The possibilities savings 
the cost boxes, pickling, labor separating sheets which be- 
come stuck together, torn sheets, are very attractive. The 
process outlined one the outstanding furnace developments 
recent years, and the future may see many interesting 
tions it. 

Atmospheres protective gas are used some the 
furnaces previously for bulk annealing sheet 
steel and lamination punchings. The atmosphere has 
metallurgical steels used for this purpose. 

quite apparent that the day industrial furnace 
engineering has arrived, and that the future, furnaces will 
selected more and more for their application value, which visual- 
izes them their correct relation other agencies production. 
ideas regarding the practicability one kind 
fuel the exclusion others, must give way more 
careful analysis and appraisal. 

The fields usefulness for oil, gas, and electricity, will vary 
the conditions met and with the the proper 
application furnaces each will used where will enable the 
overall economy attained. 

There doubt that the development electric heating 
has been valuable contribution the manufacturing industries, 
aid improving quality, reducing cost, providing better 
conditions and enabling output per man increased. 


art relatively new, and appears have vast possibilities for 
the 
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preparing this paper attempt has been made show 
the present status electric furnaces, the extent their for 
heat treating, some specific applications, and some new velop- 
ments. 

There doubt that the development 
has been valuable contribution the manufacturing 


working conditions and enabling output per man 
This art relatively new, and appears have 
for the future. 

preparing this paper attempt has been made 
the present status electric furnaces, the extent their use for 
heat treating, some applications, and some new develop 
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DISCUSSION 


CHAIRMAN TRINKS: What Mr. Otis has said certainly great inter 
est. would like ask about one little subject, namely, the temperature con 
trol. not very much mistaken, the American Gas Furnace Company 
Elizabeth had temperature control for their furnaces, the patents which 
ran out something like ten years ago, believe they were the originators 
temperature 

Also, speaking furnaces should not forget give 
the mechanical engineer who has years reduced the coal consumption 
from three pounds per kilowatt hour less than one pound per kilowatt hour, 
and still going strong, making possible, probably, that the future 
electric furnaces will compete even better than they are competing now. 

old saying that whenever you talk about the merits the various 
types furnaces, you can always produce dog fight short notice, and 
since there written discussion, open the paper from the 
floor. Would any the gentlemen like discuss the paper? 

SEARLE: Mr. Chairman, wanted bring out point that Mr. 
Otis intimated but perhaps did not enlarge very That is, the 


box-type electric furnace for intermittent work small plant you 
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advantage time clock control your furnace. man running 

during the daytime does not have wait the morning for 

ean set his time clock and will turn the furnace five 

six, any time desired, his furnace ready for use when 

mes in. Also, your pots can loaded during the day, put 

furnace, the furnace will carry the heat for the required number hours 
shut off, that his pots will ready pull out the daytime. 

\lso, want ask Mr. Otis what the boxes were made that shows 

for bar annealing. They looked like boiler plate. they were, what the 


would also like ask him what material the floors his box-type 

are being made and their probable life. 

(Toronto) would like ask for some information, and 
presume others well, regard the annealing furnace that Otis 

ntioned being cheaper operate with electricity than with or- 
der bring that home our own town, would like ask him what 
the rate was which oil was purchased per gallon and what rate electri- 
city was purchased per kilowatt. 

Chairman, first, regard the mechanical engineer 
the efficiency boilers, should also remember that the 
electrical engineer has increased the efficiency generating equipment, which 
has quite important effect the cost electricity the 
the that the larger use electricity industry for all purposes, the 
development water power, and the liberal return allowed 
Commissions the capital invested has enabled the public utilities at- 
tract sufficient their part toward upbuilding the service. Regard- 
ing Mr. Searle’s peint the use time clocks, this very important 
electric furnaces. was not overlooked, but there are many 
points that could brought out paper this kind that could ex- 
tended almost indefinitely. 

Regarding the boxes for annealing the tool steel bars, they are usually 
steel plate. The Ludlum Steel Co., Watervliet, have some their 
metal boxes which have been used for three years this work. 
looked those over very carefully and there apparent warping and 
apparent deterioration. would seem that those boxes are good for 
more years service. However, that the only installation that 
know where alloy boxes are being used. 

The material used for the floor and hearth plates electrie furnaces 
alloy. goes under number trade names and 
uld not answer that specifically because the furnace companies use 
Various 


Regarding Mr. Watson’s question the rates for oil and electricity, 
would 


Sf 


that the figures given the paper implied the cost electri- 
Was cents per kilowatt hour and the cost oil cents per gallon. 
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HIGH CHROMIUM STEELS 


PARMITER 


Abstract 


paper discussing general the 
and properties high chromium steels. 
cluding the various low carbon, stainless steel types and 
the several high carbon-chromium die types. Special 
consideration given the more recent deve lopment 
super stainless steel. The effect various chemicals 
and other corrosive substances upon 
given detail, 


INCE the beginning the present century there has been 
increasing tendency toward the development and application 

alloy tool steels. The process evolution, covering 
less than thirty years, has produced two outstanding 
steel 


one, high tungsten group, which modern high 
representative, and the other, high chromium group, 
includes numerous varieties stainless steel and tool steel. The 
value tungsten tool steel has been recognized for some time. 
but only very recent years has the worth the more 
alloy, chromium, been fully realized and 


IMPORTANCE CHROMIUM 


‘all the elements utilized the present time for alloying 
purposes tool steel, chromium possibly the most valuable and 
interesting account the diversified properties 
combining fixed amounts with varying proportions 
‘arbon and other alloying elements. The knowledge the 
which chromium has upon retarding the corrosion iron 
and steel has been known, though not clearly understood, for man) 
Recently, the effect the associated carbon content has 
heen investigated. The outcome has been not only the 
production the present series stainless steels, which 
carbon contents are comparatively low, but also the 


paper presented before the Fort Wayne Group the 
author, Owen Parmiter, member the society, metallurgical eng! 
neer the Firth-Sterling Steel Company, MeKeesport, 
received August 15, 1928. 
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HIGH CHROMIUM STEELS 


the 
These latter steels utilize 
hardening effect carbon and chromium when com- 


extreme and relatively high. 
the unique 
under proper conditions and can made intensely hard 
ond unusually resistant 

Enormous quantities ferrochromium are being used the 
industry the present time the manufacture chromium 
The field usefulness these steels fast reaching vast 
proportions the users become better acquainted with their pos- 
While not always intentional, fact that working 
are seldom available when new steels are first 
is. therefore, the purpose this paper discuss general 
way the properties and applications some the 
recent alloy steels which chromium has made possible. 


STAINLESS STEEL 


The most outstanding event the metallurgical world during 
the period following the World War has been the utilization 
commercial basis the non-corrodible properties steel con- 
chromium excess 12.00 per cent combination with 
low earbon content. account the wide application fer- 
rous metals our present day industries, the problem corrosion 
the greatest importance. result the urgent 
demand for steel with sufficient permanence resist moisture 
and various conditions, several types stainless 
have been developed. The physical properties these several 
types are such that almost any required degree hardness and 
strength can obtained, well the various combinations 
toughness and elasticity. They are sufficiently resistant such 
wide range corroding media inestimable value for 
engineering purposes. 

Aside from the development and production special types, 
the effect progressive methods producing sound and uniform 
material has been 


MANUFACTURE 
Stainless steel essentially furnace product 
account its high melting point and the unusual alloy content. 
all the steels known the present time, possibly the most 
produce satisfactorily. 


Not only the manufacturer 
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confronted unusual and extremely narrow 


tations, together with peculiar combination 


and properties, which makes its 
but experience has shown stainless steel 


susceptible surface seams, internal 


inclusions any steel known modern tool steel 

difference regard soundness, hardness and 


all modern steels the personal and 


knowlede 
its maker. Discriminating users have for some time appreciated 
the importance quality this complex steel 


extent which the results obtained reflect the ability 


its maker. Stainless steel longer experiment but 


superior steel with many special applications. 


abe 


testing, has been accepted the trade stand 


TYPES 


Stainless steel was originally intended for cutlery and for that 
purpose has proven great success. However, the fact soon 
apparent that the application one type was ineapable 
ing the requirements the many various purposes. For instance 
steel capable greater hardness was demanded 
surgical and dental instruments stainless steel was 
applied that industry. Cutlers were greatly interested 
cutting edge and more resilient blade. Builders steam 
turbines required extremely high tensile properties and toughness 
steel which could readily machined. Manufacturers 
forgings were not satisfied unless material could obtained 
which was about malleable soft low carbon steel and which 
did not possess air-hardening properties. there was 
Whatever producing such widely different properties any one 
type steel, the development several new types was found 
necessary. investigation has shown that 
distinct types are required satisfy the demands the 
the present time, stainless steel being 
the following types: 
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Standard Cutlery Type (A) 
Modified Cutlery Type (B) 
Turbine Type (T) 

Malleable Type (M) 

Super Stainless (Nirosta Type) 


the intention the author each separately, 
due restriction space, the discussion must necessarily 


the more important details. 


The typical composition this type stainless steel carbon 


per cent, chromium 13.50 per cent, and The physical 


properties this steel are shown Table The 


Table 
Tensile Properties Stainless Steel (Cutlery Type) 


per cent cent Chromium 
i] quenched it TS00 degrees Fahr, Tempered as indicated 


Ten. Str. Reduction Area Brinell 

208,508 258,775 8.3 19.5 {80 
195.508 250,275 6.6 15.9 160 
191,450 225.0838 7.4 9? () 
L70.558 197,183 10.2 
131,670 159,284 37.9 835 
364 150,682 12.2 39.2 R2h 
121,155 146,798 12.4 
103.900 130,975 14.4 15.8 
104,088 137.863 O5 


(Results are the average numerous tests temperatures indicated) 


properties the steel may further modified raising 


lowering the quenching heat. The lower heats give better me- 

This type the original stainless steel described Brearley 
Thos. Firth Sons, Ltd., his patent. 


material for many purposes. 


hardened and then thoroughly ground and polished. This often 
objectionable feature, especially where grinding after 
hardening can only with difficulty. sometimes 
resort light pickling sand blasting overcome 


) 
if] 
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difficulties this nature. This type can made hard 
but will not show the same intense hardness will 


Being air-hardening, the steel must annealed after 
machine work required. all heating operations. 
necessary preheat and then hold longer the required hea 


than with ordinary steel. Forging with 


difficulty than with tool steel. Frequent 


advisable. The following summary gives the temperature 
essary for the proper working and treating the 


Resulting Hardness 


Temperature Range (Approximate) 


Operation Degrees Fahr. Brinell Number 
Softening ...... 1400 1450 220 
Annealing ...... 1575 1625 165 
Preheating ...... 1450 1500 
Hardening ..... 1775 1850 550 


Oil quenching for hardening recommended for all the 
various types stainless steel. Very light intricately shaped 
specimens may cooled air blast but the resulting hardness 
will not quite high they had been quenched light oil. 
heating for hardening, stainless steel should held about two 
three times long ordinary steel insure uniform tem 
perature. Wherever practicable, stainless steel should given 
thorough preheating 1300 degrees Fahr. before being given the 
full hardening heat. This especially applicable heavy sections. 

Aside from proper hardening, far the most important 
process which influences stain resistance that grinding. Wet 
always preferred. The grinding must deep and 
thorough. Every trace forging scale and surface oxidation 
must removed. Any remaining pits serve seats for 
corrosion and action set which rapidly spreads 
over the surface the material rust. 

the past, has been the belief some that the surface 
stability stainless steel was due entirely the degree 
the surface had been polished. the contrary, the stain and rust 


resisting properties are inherent the steel, being the 


composition, combined with heat treatment. smooth, highly 
finished surface desired order that pits spots shall 
exist where action might start. 
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many respects, works quite similarly the original 
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The typical composition this type stainless steel carbon 
16.50 per cent, nickel. This particular 
developed for the cutlery trade endeavor in- 
some the advantages carbon steel into stainless 
terial without the stain resisting properties the 


except that more intense hardness and cutting 


type 
edge possible. Being higher both and alloy content, 


‘he modified type works just trifle harder more 
reheating and soaking, both for forging and hardening. 


absorbs heat less readily than the other steel and should, there- 
fore. heated for longer period time insure uniformity. 
experienced rolling this type into various shapes, 
light double bevels. Forging and heat treating may 


accomplished applying the following heats: 


Resulting Hardness 


Temperature Range 
Operation Degrees Fahr. Brinell Number 
Softening ...... 1400 1450 230 
Annealing ...... 1625 1675 200 
Preheating ..... 1450 1500 
Hardening ..... 1925 600 


TURBINE 

The typical composition this third type stainless steel 
varbon 0.12 per cent and under, chromium 12.50 per cent, nickel 
under per cent. The physical properties this steel are shown 
Table IT. 

Possibly the most rigid requirements which any steel 
are those blades steam turbine wheel. Not only 
must the maximum degree strength and elasticity obtained, 
necessary that retained without sacrificing toughness 
and machining properties. This delicate balance between strength 
and hardness must realized steel showing high corrosion 
resisting properties. Exact manufacturing methods 
tion with the necessary composition and proper heat treatment 


produced steel exceptionally good physical properties. 


United States Navy Department was among the first 
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Physical Properties Stainless Steel 


Brinell 
Tempered 


None 
700 S308 
tov? 
371 
1150 
Loo 252 
1850 °11 
1400 9()2 
1450 196 
1500 


Annealed 152 
L600 


per 
Sections 


True 
0.00005” 
Lbs. 4 


sq. In, 


60,000 
24,000 
94,000 
94,000 
117 000 
1O5,000 
105,000 
108.000 
99,000 
87 000 
S7,000 
95 000 
S4,000 
84,000 
60,000 
S1.000 
72,000 
69,000 
60,000 
66,000 
63,000 
60 000 
51,000 
54,000 
83,000 
80,000 


cent 


Tabie 


Proof 
Stress 
0.0002" 


Lbs. Per 


Sq. 


72,000 
69,000 
LOS 000 
126,000 
120,000 
000 
123,000 
126,000 
117,000 
LOS 000 
102.000 
LOS 000 
,000 
105,000 
90,000 
90 000 
4.000 
87.000 
75,000 
75,000 
69,000 
72.000 
69,000 
66,000 
66,000 
57,000 
60,000 
$2 000 
$2 000 
89,000 
89,000 


Carbon 


THE 


(Turbine Type) 


12.00 per cent Chromium 


tre ated 


Point 


Lbs. r 


Sq. 
177,000 
165,000 
171,000 
165,000 
168,000 
165,000 
171,000 
165,000 
159,000 
168,000 
159,000 
156,000 
150,000 
144,000 
135,000 
105,000 
HO 000 
87,000 
90,000 
84,000 
84,000 
S1L,000 
7TS,000 
75,000 
69,000 
69,000 

7.000 


114,000 


Stre 


Lbs 


neth 
Per 


Sq. 


"OO, 


1o6 
Is7 


Is 
Is6, 


Loo 


realize the possibilities this material. 


physical properties for corrosion resisting steel for turbine parts 


follows: 


Proof Stress 
Tensile Strength 


consistently obtaining 


Reduction 
Brinell Hardness 


maximum 


00 
250 
00 

yn) 

000 
00 
00 


00 


1500 
8.000 
2.000 


O00 
00 


8,000 


000 
000 
00 


8.000 
3,000 


000 
000 
00 


Tempered as indicat 


Their specification for 


per sq. (minimum) 


100,000 Ibs. per sq. (minimum 


two inches (minimum) 
ft. (minimum) 


240 


( ‘ 


. 


50,000 per sq. in, (minimum 
determined rotating can 
tilever 10,000,000 


elastic 


limit 


familiar with the 


with high Izod will fully appreciate this steel. 
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rar 
Korging eee 


1400 to 1450 


typical 


per cent, over per cent, 


this reason, since the first 


same ease low 


with high 
properties. 
for forging 
will give good results for drop forge work. 
the finished 


SUPER 


super stainless type, while comparatively 
has been extensively used for years 


working and treating 


are follows: 


Resulting Hardness 
Dearees Fahr. Brinell Number 


1550 to 1600 
1450 
1775 1825 (de 

pending upon size) 


course, forges easier than high speed steel, but 
considerably more difficulty than ordinary carbon 


introduction stainless manu 


drop forged articles have requested soft, 


Also, material preferred 


which showed little air harden the forging 


All these desirable features are incorporated the Mal- 


which low earbon content 


combines high resistance rust with 
with other types, slow 
initial heat 2000 degrees 


cooling 


working heats are 


Resulting Hardness 
Brinell Number 


Temperature Range 
2000 


1400 1450 140 
1400 1450 


STAINLESS 


this 


and 


: | 
14 


Germany. typical composition carbon 0.15 per cent, 
18.00 per cent, nickel 8.00 per cent. 
This particular type readily adapts itself 
requiring stainless steel strip and sheet form and 
are used for upset cold-pressed articles 
which are machined. possesses high resistance against 
and remarkable ductility the cold state, which make 
being pressed into number intricate 


as those 


Table III 
Physical Properties and General Characteristics Super Stainless 


Tensile Properties 


Fully softened Higher tensile 
33,820 sq. in. 66,000 Ibs. sq. in. 
Tensile Strength ......... 108,860 lbs. sq. in. 119,620 sq. 
Reduction Area ........ 45.0% 
Brinell Hardness ......... 160 BN. 190 BN. 

SHEET BAR WIRE 

Yield Point lbs. sq. in. 38,975 Ibs. sq. in. 36,290 sq. in, 
Tensile Strength ......... 120,960 sq. Ibs. sq. 
Reduction Area 40.0% 
Brinell Hardness ........ 153 BN. 
13.8 m/m 


tremely tough and will withstand drastic deformation without 
bursting. The material shows its deep-drawing properties 
best advantage when the dead soft annealed condition. 
resistance the ordinary agencies corrosion exceedingly 

treatment, but reduction working the cold state has 
tendency both harden and refine it. severe cold-working, 
Brinell hardness the vicinity 400 can 
and possesses the usual characteristics that type. Annealing 
quickly cooling from temperature about 
2100 degrees Fahr. the very soft state, Brinell hardness 
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HIGH CHROMIUM STEELS 


heat treating instructions are follows: 


Resulting Hardness 


Temperature Range 


Operation Degrees Brinell Number 
Forging 1750 2350 
Softening 1600 1700 185 
Complete softening 2000 2200 140 
(cool 

Hardening....... working only— 

400 
Tempering....... 750 improves 


ductility 


This steel characteristically austenitic; the standard 
therefore, that which the structure asso- 
with the state has been properly obtained, and 
condition that the steel most commonly supplied 
and employed. put into this condition, only necessary 
heat high temperature, 2000 2200 degrees Fahr., and 
rapidly 

will seen from the tests that the steel this state 
combines, unique manner, softness equivalent that mild 
steel with correspondingly low yield stress, and very high 
ductility. The maximum stress tension comparatively high, 
disproportionately relation the Brinell hardness. 


Torsion Tests 


regards the response torsion the fully softened 
the following values are given: 


100,800 Ibs. sq. in. shear stress 
Degrees Twist ........... 450 round long 


Fatigue Strength 


tests are the essential means judging the merit 
the material intended for application various machine parts 
and units where alternating stresses are encountered. The 
determinations have been made this material the 
softened condition means the Wohler rotary bend test 


from Firth Sons, Ltd., data. 
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Stress 38,080 Ibs. sq. 14,000,000 revs. 
Stress 40,320 lbs. sq. in. ...... 640,000 (brok 


Stress 42,560 Ibs. sq. 


Krom these figures will deduced that the 


the material between 38,000 and 


Cold 


While this material cannot hardened thermal 
can substantially hardened cold working, either 
hammering drawing. The material, owing its great 


The following results show the mechanical properties 


strip: 


Yield Point Strength Elongation Brinel 

(a) 59,920 142,460 47.0 190 
(b) 112,850 165,540 
169,570 215,040 13.0 352 


carrying the cold working further, hardness values 


400 Brinell may obtained. 


Effect Heat Treatment After Cold Working 


steel gradually increasing extent the reheating 
raised. Reheating 750 degrees improves the 
tility without producing appreciable softening. Softening higher 


temperatures then progressive. 


tempered about 750 degrees Fahr., makes very good 
for spring purposes. yield point 193,760 pounds per 
inch, with tensile strength 212,800 pounds per square 


292,000 revs. 


pounds per 


Working 


lends itself very readily such processes. 


Material similar 


and elongation per cent, has been obtained. 


Coefficient Thermal Expansion 


Range Temperature 
De gre es Cent. 
20-400 
20-500 
20-600 


Mean 


per Degree 


. 
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HIGH CHROMIUM STEELS 
Electrical Resistivity 


ordinary temperature, this type stainless steel has 


pesistance microhms per cubie 


Prope rties 
the fully softened condition, the super stainless 
rolling Cold working renders feebly 
Resistance 


oxidation elevated temperatures. The summary shows the per- 
gain weight round 4-inch long samples 
this type, heated open end tube for hours 


Vaterial Per Cent ight 
Mild Steel per cent Carbon 0.67 
Steel 0.45 per cent 0.70 
per cent Nickel Steel 0.65 


the 


higher 


High Temperatures 


Although this type should compared with mild steel for its 


conditions imposed working involve heating high tempera- 
far superior and for high temperature working 
very special alloys made particularly for sueh work. 


added property gives special adaptability 
purposes, 


Specific 


heat steel does not vary greatly with com- 
particular steel shows heat 0.117. 


F 
. 
. 


Specific Gravity 
(Super Stainless 
Gravity ........ 7.925 7.760 


Thermal Conductivity 
general, the thermal conductivity metals 
versely the electrical resistance, and this steel conforms 
rule, the following tabulation indicates: 


LIN 


Thermal 


Material Calories per sq. em. per degree Cent. 


pe 


Super Stainless Type .......... 0.033 
0.920 


Welding 


Welding can accomplished all processes except that 
the smith’s forge. welding provides the most desirable 
means, although very satisfactory welds can produced the 
oxyacetylene process. 

Soldering and Brazing 


This type material can readily joined either soft 
hard-soldering and brazing. The usual precautions are 
essary each case. 


Riveting 


This operation presents difficulty. account the 
capacity the steel for easy deformation, can readily riv- 
eted cold. the larger sizes where hot-riveting necessary, 
degrees Fahr. 

De-Scaling Pickling 


The article part treated should immersed 
acid solution made equal volumes water and 


} 
. 


that 
desirable 


the 


soft 


are net- 


the great 
sary, this 
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acid, which added per cent the total volume 

acid and about per cent satisfactory restrainer. 

horoughly washed running water. intermediate dip 
bath advantageous. de-scaling operation produces 


inal 


resisting finish, besides very pleasing 


Etching 


acid will attack this steel the cold state with 
solution the following composition, used room 
temperature, recommended 


Machining 


particular experienced machining, providing 
reasonable precautions are taken and suitably shaped tools 
and proper cuts, speeds and feeds are adopted. 
generally recommended, and for certain operations considered 
essential, especially drilling. The machine tools with which 
this steel handled must both rigid and solid. 


APPLICATIONS 


material with such wide range useful 
properties, coupled with the high degree resistance cor- 
rosion, naturally finds widespread application. Its use specially 
indicated for various engineering purposes, among which may 
mentioned the following: 

meters, surveying instruments, 
suspension ropes, rockers and rollers bridge construction, ap- 
paratus connection with sewage works, filtering beds, rivets, 
and nuts places where corrosion would 
serious factor, parts lock gates, sluices and similar submerged 

machinery, 
pressed air apparatus, washing plants, feed regulators, steam traps, 
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superheated steam valves, pump rods and 
struments. 


Mining Engineering.—Power plant apparatus 
conduits, ventilation, shaft sinkine tools, 
blasting machinery, underground haulage, 


puny 
rods, pump cylinder liners, valve parts, impeller shafts impeller 


blades, pins, links, levers, conveyor parts. 


brake, piston and control rods, and levers working contact 


steam. wires for signals, levers, wheels and 
leys, pins for movable parts are parts especially suitable for 
application this steel. 

pipes for stills, condenser tubes and columns, pumps and fans used 
the manufacture nitric also finds useful sphere 
the construction acid-mixing tanks, mixer-stirrers, lines, 
pumps and nitrating pans nitrating processes where 

properties this type stainless steel, coupled with which can 
formed, soldered, brazed, welded, renders 
material for the bright fittings the modern motor car airplane. 
serves admirably for pulleys and control propeller 
radiators, lamps, door handles, window lifts, dash 
board fittings, ash trays and steering Other 
applications include hub caps, wheel spokes, wheel disks, mouldings, 
vear and brake levers, bumpers and number others. 

The Domestic the culinary field, this material 
possesses distinet advantages over both silver and aluminum when 
applied dishes and articles used the preparation and 
food. Plates, dishes, bread pans, frying pans, kettles, 
practically perfect condition after three years actual 
articles made this steel daily use about the home include 
pokers, fenders, bathroom fittings, stove fittings, door knobs, 
hat and coat hooks, and ash trays. 

Surgical Appliances.—The steel being widely adopted 
this important field for great variety purposes. 
hygienic point view, proving invaluable. 
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HIGH CHROMIUM STEELS 


Another 


field 


usefulness 


that 


Containers, general fittings, rails, hooks, scales, weights, 


other items can advantageously produced this 


Various UPON STAINLESS 


discussion would complete without some 


Which stainless steel offers the 


met every day industrial and domestic 


The fol- 


the comparative effect number reagents 


steel, ordinary stainless steel and the most recent 


stainless steel described above super 


Can 


from this list, the stainless steels are many 


the materials which readily attack other steels. 


the case those substances which stainless steel not 


sidered entirely resistant, the effeet much less severe 


superiority over ordinary steel immense value 


partial list chemical agents and their effect 


Super 


Cutlery Type Steel 
Stainless Steel 
Concentration 13.00 Chromium 


Per Cent 


100 
lo and 
boiling 


100 
10 
il 10, l 
Sp. gr. O.SS8O0 
le 20. 10. 5. 
ick 
10 
Iphate 10 
phate 
| 
) 


ous Suspen 


sion 


1.65 0.83 


0.338, 0.165 


Carbon Steel 


Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Unatfected 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 
Attic ced 
Attacked 
Attacked 
Attacked 


Chromium 


Unaffected 
Attacked 
Attacked 
Attacked 
Attacked 


Attacked 


Sion 
Attacked 
Attacked 

tac ced 
Attacked 


Attacked 


Attacked 


Unaffected 
Una ffeeted 
Unaffected 
Attacked 


Unaffected 
Attacked 
Attacked 
Attacked 


tucke d 


8.00 Nickel 


Unaffected 
Unaffected 
Attacked 
Slightly 
tucked 
naffected 
Unaffected 


Unaffected 
| maffeeted 
Unatfected 


slightly 

Unaffected 

Una ffeeted 


Attacked 


Unaffected 
Unatlected 
na ted 
Slightly 
tacked 
Attacked 
Attacked 
slightly 
attacked 
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Reagent 


Carbolie Acid 
Carbon 
Chlorine Gas 

hlorosulphonie 
Chlorosulphonic Acid 
Chlorosulphonie Acid 
(Cider 

Citrie 


Coffee 


~ 


Copal (370° 
Varnish 
Carbonate 


~~ 


Copper Chloride 

Copper Sulphate 

Copper Sulphate (10% 

Developers: 
(b) Metol-Hydro- 

quinone 


(Ethyl) 
Chloride 
Ferric Chloride 
Food Pastes 
Acid 


Formie Acid (Boiling) 
Fixing Solution (Acid) 


Horse-Radish Cream 
Hydrochloric Acid 


Acid 
Inks 

lodine Potassium 
lodide Solution 


Lactic 
Lemon 
Lime Juice 


Lime and Limestone 

Lubricating 

Lysol 

Magnesium ride 

Magnesium Sulphate 

Milk 

Mixed Acid 
(50° C.) 


Nitrie Acid 
Nitrie Acid 
Nitrie Acid 


Nitrous Acid 
Nitrous Acid 


Oleie Acid 

Orange 

Acid 
Paraffin 

Paregoric Compound 
Petrol 

Phosphorie Acid 


Sulphurie Acid 


‘oncentration 


Per Cent 


As purchased 
Wet and Dry 
Concentrated 


tions 

Cone, aqueous 
extract 


Ammonia 

5, 10 


100, 50, 
and 

Hypo. 2.5 
Pot. Met. 


ra- 
tions 


Sat. and free 


and 

10 

10 

Fresh and sour 
65 HNO, 

10 Water 

Sp. gr. 1.42 
Sp. gr. 


100 


Carbon Stee] 
Attacked 


Attacked 
Attacked 
Attacked 
Attack¢ d 
At acked 


Attacked 


Attacked 
I naffected 
Attacked 


Attacked 
Attacked 
Attacked 


Attacked 
Attacked 


Attacked 


Unaffected 
Attacked 
Attacked 
Attacked 
Attacked 
Attacked 


Attacked 


Attacked 
Attacked 


Attacked 
Attacked 
Attacked 
Attacked 


Attacked 
Attacked 
Attacked 


Attacked 
Unaffected 
Attacked 
Attacked 
Attacked 
Attacked 


Attacked 


Unaffected 
Attacked 
Attacked 


Attacke d 
Attacked 


Attacked 
Attacked 
Attacked 
Unaffected 
Attacked 
Unaffected 
Attacked 


Cutlery 
Stainless Sto, 
13.00 
Chromium 


Attacks d 
Unaffected 
Attacked 
\ttacked 
Attacks d 
Attacks d 
Unaffected 
Attacked 


| na ted 


Unaffected 
Unaffect; d 


Attacked 
Unaffected 
ted 


Unaff. cted 
Unaffected 


Very slightly 
attacked 
Unaffected 
Unaffected 
Attacked 
| Mnaffected 
Unaffected 
Attack d 


Attacked 
Attack« d 


Slightly at- 
tacked 
Attacked 


Attacke d 
Una cted 
Attacked 
Attacked 


Attacked 
Unaffected 
Very slightly 
attacked 
Unaffected 
Unaffected 
Unaffected 
Attacked 
Attacked 
Attacked 


Unaffected 


Unaffected 
tacked 
stain- 
ing 
Slightly at- 
tacked 
Unaffected 
Attacked 
Attacked 
Attacked 
Badly stained 
Unaffected 
tacked 


Attacked 
naffect: 


ted 


unafte 


Un iffe 


t 

t 


d 
l 

a 


Mav 
| 
Uy ilfeeted 
l nafleeted 
Unaffect, | 
‘ 
100 Unaffected 
Un iflected 
Attack, 
Unaffected 
Unaffected 
| 
Unaffected 
Unaffected 
tod 
| 
Unaffected 
Una fleets 
Una ffects | 
Sp. gr. 1.41 
Unaffected 
100 
Unaffected 
Unaffected 
Un iffecte ] 
Unaffected 
Unaffected | 
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Super Stainless 
Cutlery Type Steel 
Stainless Steel 18.00 
Concentration 13.00 Chromium 


Per Cent Carbon Steel Chromium 8.00 Nickel 


Acid 75 Attacked Attacked Unaffected 
Acid 50, and Attacked Unaffected 
tacked 
Attacked Unaffected Unaffected 
Nitrate Attacked Unaffected Unaffected 
Acid Up to b. p. Attacked Unaffected Unaffected 
Moistened Attacked Attacked Unaffected 
nary ) Moistened Attacked Attacked Unaffected 
Attacked Unaffected Unaffected 
Attacked Slightly at- 
tacked 
Water (80° Attacked Attacked Unaffected 
Sea Water (Agitated) Attacked Unaffected 
attacked 
Acid (140° Attacked Attacked Attacked 
tacked 
ate Unaffected Unaffected 
Hvdroxide Unaffected Unaffected Unaffected 
Sulphate Saturated Attacked Unaffected Unaffected 
& Suly hide 10 Attacked Unaffected Unaffected 
TIONS 
Acid Attacked Attacked Unaffected 
Acid Attacked Practically Unaffected 
unaffected 
Acid tem 10, 25, Attacked Attacked Unaffected 
boiling) 
Attacked Unaffected Unaffected 
Water (Tapwater) Running water Attacked Unaffected Unaffected 
Water 15°C Attacked Unaffected Unaffected 
(450° Attacked Attacked Attacked 


attacked 


(Room temperatures apply all cases except where noted) 


STEEL 


The high steels far has dealt mainly 
with the low types, where resistance 
the primary object. 


Stainless steel, however, all 
its various 


cannot applied the many cutting and 
operations for which tool steel definitely adapted. 
lacks the ideal hardened structure necessary for metal. 
The carbides chromium are present neither sufficient amount 


combination permit this. Apparently, most 
Properties required tool steel are endeavor 


the 


Carbon and chromium form complex series carbides 
Presence iron. 


the These carbides vary considerable degree 
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shape, size. hardness, brittleness 


heat some time has been 


which are hard but brittle, the 
addition alloys, their and other 

the desirable compositions have been 
this endeavor: the successful steels this type have 

Vo 1 Vo \ 
Per Cent Per Cent 
Silicon Silicon Silicon 
Chromium 12.50 Chromium 12.50 


Several these steels are quite satisfactory 


but lack certain desirable properties make them idea] 


purposes, 


lor Spec 


Working Heats for 


Operation No, 
Tempering 


‘To suit purpose, 


steel which special considerat 
and freedom from Its 
ferent from the usual run these 
chemical composition 


Carbon 
Silicon 


No, Vn 


the high die steels 
ion has been hardness 
composition somewhat 


Per Cz nt 
1.40- 1.70 


Manganese 
Chromi 
Vanadium 


HIGH CHROMIUM STEELS S15 
valuable properties, among which are 
hardness without 
thi ily 
following summary gives the proper working and treating 
from the various operations 
Per 
Resulting Hlardness 
Temperature 
‘Ty 
Or Spe \\ {| temperature ratere, the smaller prec hould be hardened at the lower end 
the larger upper end 
heating for hardening, necessary preheat carefully 
1300 degrees Practically the same degree 
hardness results whether the material oil- 


APPLICATIONS 


The intense hardness and remarkable this steel 
die steels make valuable for many purposes, especially for 
hardness Kemarkable records are being made with large users all 
What 


dies, blanking, trimming, extrusion 
following 


and drawing, well punches, rolls and 
esses considerable finishing steel and 
nonferrous metals, such brass and bronze. 
improvements any line recognized value are rare 
the past years, extensive research and 


involving much time and expense, great deal 


| 
q 


unusual progress has been accomplished the 
alloy tool steels, especially those containing high 
chromium. These steels the short time available have more 


proven their worth. The user has greatly benefited 
costs and production. are yet still greater 
sibilities developed. the interest the industry 
hoped that those responsible for these improved 
will receive sufficient response and reward 
toward renewed efforts endeavor produce even better 

conclusion, the author desires acknowledge the 
co-operation his employer, the Firth-Sterling Steel Company 
MeKeesport, Pa., and its associate, Thos. Firth Sons, Ltd 
Sheffield, England, granting permission publish the 
contained this paper. 
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THE APPLICATION SCIENCE THE STEEL 


INDUSTRY—SECTION III 


Abstract 


The general subject this section might heating. 
Vurious forms heating for particular purposes such 
forging, annealing, normalizing, harde ning and temper- 
ing, are discussed some detail. The effect forging 
structure and properties described. Thermal con- 
ductivity various factors and the specific 
heats tron and steel are covered. 


MANIPULATION AND TREATMENT 


Heating for Hot Work 


problem the time theoretically required for the heating 


large masses rendered exceedingly owing the 


influence such great number factors, many which cannot 


heated (1) radiation from the walls the furnace and from 
the hot gases flames, (2) conduction, and (3) convection, 
actual licking the surfaces the mass the flames 
hot gases passing through the furnace chamber. Surface com- 
may also take place well surface (such 
oxidation), which also produces heat and helps supplying 
the heat necessary bring the mass desired temperature. 
All the factors mentioned above affect the rate which the surface 
the mass absorbs heat. Even this were available, 
the time required for the heating operation would 
ascertain, since further knowledge the thermal conductivity, 
heat and density nee essary for the complete solution 
the problem. The factors are not constant, but vary with the 
the material, rendering exact mathematical 
the problem impossible. complicate matters 


This paper the third section the third Edward Mille Campbell 
Lecture presented before the tenth annual convention the 


held Philade October 12, 1928, which ing published 


six sections consecutive issues ANSAC TIONS. The author. Dr. 
itfield, 


director the Brown-F irth Research Labor: 
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further, the heat any transformation which might mat 
rially affects the solution some extent. Then again, the mass 
may put cold furnace, into one which already 
raised the desired temperature, These considerations are 
cient indicate the complex nature the problem. 

any effective steel works, practical usage and 
experience have resulted tolerable procedure being adopted, but 
such practice eritically examined, will found that con- 
venience frequently dictates it. Ingots and blooms are not always 
given the discriminating time-temperature 
retical considerations might suggest. Two considerations must 
always before the operator. the first place, the piece should 
properly soaked through that the optimum for 
deformation attained; this will obviously influenced 
composition. the second place, the time and the temperature 
gradient should regulated not produce overheating 
the steel, burning the outer layers, otherwise oxide pene- 
trate fairly deeply along the grain boundaries indicated 
(a) and (b) which show how nickel-chromium steel ma) 
affected this way. heating leads the develop- 
ment large grain size and sometimes, such inter- 
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weaknesses Which will frequently persist even after hard- 


and tempering. 
effect will enable this type trouble 


Only very complete understanding 


Weignt 


Aours 


Showing the Rate Heating Ingot Various Points. 


eliminated. Actual studies, carried out varying 
are necessary put this aspect technique satis- 
basis. 

usefully deseribed, carried out the Firth works some time 
ago, viz., the heating 30-ton ingot. The furnace used was 


coal-fired. thermocouple was placed (1) the furnace atmos- 


phere, (2) the surface the ingot, (3) inches inside, (4) 
inches inside, (5) means axial hole the centre the 
ingot. The temperatures were carefully recorded, and the data 
obtained disclosed Fig. 16, enable sound deductions made 
the necessary time-temperature treatment obtain 
the heating such mass, essential. This 
was intentionally based upon the using 
ingot, and will seen that the furnace had been reduced 
very low temperature before heating was 

is, course, essential handling very large ingots, 
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Table 
Forging Temperatures 

Suggested Maximum Forging Theoretical 

Material Temperatures 
Deg. Cent. Deg. Fahr. Deg. Cent. Deg Fal 

1.5 per cent Carbon Steel 1050 1920 1140 
1.1 per cent Carbon Steel 1080 1980 
0.9 per cent Carbon Steel 1120 2050 1290 
0.7 per cent Carbon Steel 1180 2140 1280 
0.5 per cent Carbon Steel 1250 2280 1350 
0.2 per cent Carbon Steel 1320 2410 1470 
0.1 per cent Carbon Steel 1350 2460 1490 
Silico-Manganese Spring Steel 1250 2280 1350 
per cent Nickel Steel 1250 2280 1370 2500 
per cent Nickel-Chromium Steel 1250 2280 1370 
Air Hardening Ni-Cr Steel 1250 2280 1370 
per cent Nickel (Case hardening) Steel 2320 1450 
Chromium-Vanadium Steel 1250 2280 1350 
High Speed Steel 1300 2370 1380 
Stainless Steel 1280 2340 1380 
Austenitic Chromium-Nickel Steel 1300 2370 1420 


transfer them hot the forge furnace and subsequently arrange 
the changes temperature not lead the production 
internal stresses with resultant possible internal damage the 
forging. comparison modern practice, both regards the 
technique ingot manufacture, and regards the knowledgeable 
way which the ingot and bloom are taken care during man- 
ipulation, once brings home one how much more reliable large 
forgings necessarily are which have been produced under modern 
With the avoidance unduly high temperatures 
the commencement forging, which prevents the impairing the 
properties the steel, and the care which taken not 
deform the steel when the heat has fallen too low, thus prevent- 
ing internal rupture and local work hardening, some the more 
serious troubles are eliminated. One very important point 
watched the question symmetrical and uniform heating; 
this not achieved, the result frequently obtained the final 
forging distortion mischievous and subtle kind. 

When considering small forgings, exactly the same problems 
but upon smaller and the author strongly holds 
that the utmost technical control demanded and justified. The 
final heat treatment cannot always relied upon eradicate 
mishandling this early stage. steel over-heated when 
heating for forging rolling, the final mechanical properties 
the steel are impaired. The liquidus and solidus each type 
steel should determined, and the temperature should not 


allowed reach within 180 degrees Fahr. (82 degrees Cent.) 
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Table gives indieation the manner which 
the permissible maximum heating temperature may vary for dif- 


ferent steels. 
Normalizing and Annealing 


are sometimes 
applied variety operations steel works. Steel 


The terms ‘‘normalizing and 


the forged rolled has nonuniform structure and 
strained state, and order remove the stresses remain- 
from these operations, or, any rate, reduce them 
low value, necessary reheat the material. may 
accomplished either the operations under discussion, but 
addition the necessity for reducing such stresses, necessary 
modify the material replacing the structure left 
the hot work, with refined one. The actual operation 
normalizing consists heating the steel above the point and 
allowing cool air free from draughts. Annealing much 
more thorough treatment, involving knowledge the behavior 
the various steels under varied conditions. The original method 
annealing was heat the steel high temperature, maintain 
that temperature for varying time, and cool very slowly. This 
quite satisfactory for many steels, but some the alloy steels 
better results are obtained heating temperatures below the 
carbon change point, and cooling air the furnace. 
any ease, should understood that the residual stresses are less 
the speed cooling less. may interest include 
the British definition these terms: 
Normalizing. Normalizing means heating steel (however previously 
treated) temperature exceeding its upper critical range, and 
allowing cool freely the air. The maximum temperature shall 
maintained for about minutes, and shall not exceed the upper 
limit the range more than degrees Fahr. (32 degrees 
Cent.). 
Annealing. Annealing means reheating, followed slow cooling. 
purposes may be— 
remove internal stresses induce softness, which case 
the maximum temperature may arbitrarily chosen. 


(b) refine the structure addition the foregoing 
which case the temperature used must exceed the upper 

the case tool steel, modify the balling 
the carbides using temperature near the carbon change point. 


1990 
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Hardening and Tempering 


many centuries, swords, knives, and the 
hardened and tempered, and the 
article past ages much demand, was produced 


pyrometric observations and the science 


had 


In CO} 


explained the fundamental principles such processes, 
sidering the hardening and tempering steel parts for airplane 


and automobile work, are only following the example 
time-worn procedure the old cutlers and 


hy 
noted, that novice would never, the old days, 
permitted harden and temper, only the and 


experience permitting the production the desired results. 
today the same remarks apply. There quite enough scope 
the art hardening and tempering small and large parts, such 
used the various branches engineering, justify the 
ecute the treatments required obtain those excellent qualities 
which skillful hardening and tempering will 
this, not infrequently happens that small parts are required 
which one portion will have finely tempered 
whilst the other quite hard, and even more difficult requirements 
can met, providing the development the necessary technique 
the operator insisted upon. the whole range 
metallurgy there direction where careful study 
technique can produce more valuable results. 

The operation hardening consists quenching after raising 
the steel temperatures above the points, which will 
exist solid solution. dealing with parts made 
per cent carbon and under, not sufficient raise 
temperature which the solid solution areas are formed from the 
pearlite, but the temperature must attained which the ferrite 
has also disappeared owing its solution the solid solution. 
The desirable temperature, therefore, for hardening, that 
which the steel quenched completely homogeneous solid 
solution, and this temperature will depend upon the composition 
the steel. temperatures sufficiently high for this are 
reached, simply obtain residual ferrite, which 
effectiveness the whole operation hardening and 
Generally, temperatures from 1470 1560 degrees 
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Cent.) are quite sufficient for this operation, but 
ial temperature depends upon the steel, and this 
particularly important that the operator should appre- 
temperatures which the changes take place the 
ven steel. might well here caution against the use 
high quenching temperatures. 
the temperature taken too high, and undue brittleness 
introduced into the steel, 
internal 
too high temperatures are employed, the quenching medium, 
limited volume, becomes heated greater temperature 
during the quenching operation, therefore, less effective 
quenching the material, the speed the article 
through the eritical zone being most important, 

While hardening, might well point out that 
rapid heating should, for obvious reasons, avoided. The question 
hardening cracks very upon reliability, 
might here more emphasized that carelessness harden- 
and tempering may vitiate the results most excellent 
and care design, will also fully appreciated that the 
hardening operation, rapid changes section. corners, 
are disadvantage just other items process 
which reference will made. 

With regard the medium employed for hardening, that 
determined the character the and may either 
effect upon the rate cooling, which the 
but the term only qualitative one when 


one made quantitative temperature observa- 


tions during the quenching 25-ton 100 tons 
The rate abstraction heat from the 1562 
degrees (850 Cent.), was placed the oil, 
temperature 122 degrees Fahr. 


degrees was such 
that 


required minutes time before the oil had steadily 


risen 
169 deerees (76 Cent. 


and the forging had only 
Cent. harden such mass, throughout, such 
requires the introduction elements sufficient render 


breakdown the solid solution’’ 


ish prevent its 
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under that rate cooling. The use water when 
large masses, permissible, but demands very high 
ingot production and the subsequent operations. 
the other hand, air-hardening not admissible very large 
The tempering operation, resulting the degree softening 
required, depends upon the particular temperatures which the 
hardened part submitted, the reheating causing the breaking 
down the hardened state the steel. There not time this 
the theory the matter, and will per- 
haps well give typical example what the effect temper- 
various temperatures for various times various sections, 
may upon specifie steel, see Table 

quench from the tempering temperatures. The author does 
not hesitate say that such procedure tends leave residual 
internal stresses considerable magnitude, the 
quenched. Such is, however, the frequent procedure for the sake 
the higher notched bar impact figures obtained. Alloy steels 
are now available, notably those containing molybdenum, which 
not demand such rapid cooling obtain good notched impact 
value. any case, however, there are notable cases, particularly 
turbine work, where internal stresses arising from such causes, 
are particularly avoided. 

Whilst discussing the question tempering, the author feels 
that should emphasize the merit two papers recently pre- 
point changes the matrix such steels within that range 
sufficient order require very careful consider- 
This relates the degree solubility the carbide. 


Forging Structure and Properties 


The processes hot working steel forging and rolling have 
their not only the shapes suitable for the 
purpose which the steel put, but also modifications 
the condition and properties the resulting product. Steel 
possesses certain inherent weaknesses. Such weaknesses are 


Dickie, Journal, Iron and Steel Institute, Vol. II, 1927, 223. 


Whiteley, Journal, Iron and Steel Institute, Vol. II, 1927, 293. 
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natural consequence the manner solidification. 


\ Som 
what slow, and the resulting formation relatively 
varied composition and configuration, previously 


leads naturally variable mechanical properties 
throughout the mass. addition, certain amount looseness 
not actual cavity, necessarily left reason 
the varying contraction effects during the the 


which exist all stages from the 
which which all efforts have been concentrated 
obtaining the best results regards uniformity solidity. 
shown (in the section dealing with Ingots, Section 
final result far from ideal. 

The forging the steel has the effect the 


talline structure, breaking coarse and massive 


that the 


gated constituents, and also knitting together and, mam 

eases, actually joining welding, loosely cohering sepa 

rated parts the mass. well recognized that substantial 
improvements can effected castings heat treatment alone. 

Mild steel castings are use for many parts which have with 

stand severe conditions service and suitable annealing after 
easting, mechanical properties are obtainable which are 
equal those obtained good forging. simple example 
this locomotive wheel center casting. The annealing process 
causes diffusion the constituents—mainly the carbon the 
steel—so that the original coarse and acicular formation ferrite 
and pearlite replaced relatively fine redistributed 
ferrite and pearlite structure free from the obvious large plates 

weakness previously present. There are, however, even 
certain features structure which persist 
heat treatment, and these are, the main, based upon the 
ment and distribution the impurities present the steel. 
and other inclusions appear provide centers for 
predisposition the configuration the new system 
lization. forging the steel, this configuration distorted, 
some extent broken up, and the original tendency coarse 
formation thereby considerably reduced. There also the 
further effect that the coarse which 
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temperature 


such extent that while still 


has not time take The final structure is, 


it 


more refined order. 


The presence and distribution impurities the steel do, 


their influence some degree, the final strue 


bars plates, instance where some impurities—chietly 


but probably also affeeted constituents 
have not been evenly diffused during the reheat 
operations—have located the first precipitation ferrite during 
reerystallization down through the recalescence zone 
Such structures naturally run the direction 
vhere deformation from the original ingot has 
fiber not, however, always associated with inelu- 
numerous examples where the steel has different proper- 

and transversely the direction forging, 
‘he inclusions are small and not numerous. essential explana 

such eases, this, found two directions, (1) 

the steel may contain constituents which not readily into 
solution and diffuse when heated the forging temperature. 
constituents will then behave, during forging, similar 
manner impurities, far their orientation 
the concerned, (2) The steel may such character 
that the produced during primary erystallization 
the steel, which comprises variations the composition the 
from center outside, still persists spite 
deformation the and spite long exposure forg- 
ing temperatures. differences the 
order, yet, the extremely slow rate diffusion 
the solid, the compounds concerned, approach 
may obtained. The distribution the 
will, therefore, that elongated shapes the direction 


Qj] lorgving, Such effects appear to oceur in many alloy steels such 


per cent nickel-chromium steel. The distorted shapes what 
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were apparently original dendrites the ‘‘as 


rial, are 
frequently seen after macro-etching fairly large 


forgings, the adoption methods carrying out 


any 
such way that the grain shall lie, the finished article, 
direction most conducive strength and capacity 
service stresses. The example crankshaft forged 
obtain the flow round the webs and crank pins, may quoted 


The correct forging die blocks, gear wheels, spring plate eyes 
demands consideration this feature. The great value the 
drop forging process arises largely from the adaptability this 
forging. 


should not imagined, however, that forgings 
strength only along the grain. Actual data the 
strength along and across the show that exceptional 
for the difference strength the two directions, judged 
Wohler fatigue tests, reach per cent. The differences 
limit, yield strength and maximum stress the two diree- 
tions, are practically negligible. There are, however, differences 
ductility measurable order, and notably Izod 
values. 

The best results forging depend the adoption correct 
forging temperatures—the temperature should high enough 
give the steel the necessary plasticity, and not high enough 
cause internal damage the steel overheating, which tends 
cause intererystalline weakness. The finish the forging 
operation should the lowest temperature which deforma- 
tion can reasonably produced, (unless the process only 
preliminary one). Adequate tools and power should provided 
that the work can proceed reasonable speed. The method 
deformation should such that the inside the steel worked 
well the outside. Many practical aspects forging might 
discussed, but space and time not permit. 

Reverting the quantitative understanding 
problems, whether associated with reheating for hot working, 
hardening, normalizing, annealing, tempering, necessary 
have adequate data, particularly concerning thermal 


Journal, Iron and Steel Institute, 1925. 
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heat. short review knowledge extant upon these 

The Thermal Steels. Influence 
Composition and Temperature. 


The determination the thermal conductivity 
materials rendered exceedingly difficult, chiefly account 
the loss radiation. Many methods have been 
take account this loss, but considerable diversity exists 
the results obtained. Before reviewing the effects 
and temperature, therefore, will well note the vary- 
‘ne values quoted for the thermal conductivity pure 

gives 0.152 for wrought iron; Hobborn and 
give 0.156 for iron; Jaeger give for 
pure iron, 0.161 degrees Cent. and 0.151 100 degrees Cent., 
and for wrought iron, 0.144 and 0.148 gives 
correcting Angstrom’s results, gives 
extrapolating from the results series carbon steels, obtained 
0.1335, 0.1217 and 0.1284 for pure iron the as-forged, annealed 
and quenched conditions gives 0.134 for 
Swedish iron; using the same apparatus Simidu, 
but different series steels, obtained extrapolation, 0.1741. 
The observed value for steel containing 0.1 per cent carbon and 
per cent manganese, was 0.1447; Edser, his book 
gives 0.166 degrees Cent. and 0.163 100 degrees 
Benedicks, Backstrom and deduce from obser- 
carbon steels, the value 0.227 calories for pure iron. 
iron containing 0.08 per cent carbon, 0.05 per cent 
silicon, per manganese, the observed value was 0.187. 

Kohlrausch, Annales Physique Chimie, No. 1888. 

“Hobborn and Wien, Zeitschrift des Vereins deutscher Ingenicur, Vol. 40, 45. 

Jaeger and Dieselhorst, Reich, 1900, 269. 


“Hall, Physical Review the American Physical Society, May and June, 1900, 


“Hall, 

lu, Reports Tohoku University, Vol. No. September, 1917, 
lu, Science Reports Tohoku Imperial University, Vol. No. November, 
Science Reports Tohoku Imperial University, Vol. 16, May, 1927. 


cks, Backstrom and Sederholm, Journal, Iron and Steel Institute, August, 1926. 
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difficult account for the great variations the 
quoted above. some cases (especially the earlier ones 

analysis the material doubtful. However, neglecting 
and also those values deduced extrapolation, have 
tion from 0.148 0.187. Some the differences might 


the 


different temperatures test temperature ranges used 
the test. Ingersoll used method which lagging merely was 
prevent radiation loss, and his results may somewhat low. 
are inclined believe that the results Benedicks 
Sedstrom are somewhat too high, and the whole think the 
value for the thermal conductivity pure iron 
degrees Cent. between 0.16 and units, and would 
take provisionally the value 0.165. This very the value 
Edser’s ‘‘Heat’’ and agrees with Hall’s 
Angstrom’s results. While think the Japanese method 
measuring the conductivity excellent one and are 
place reliance the individual determinations, not think 
that much importance should placed extrapolated 
values for pure iron, since these were deduced the method 
least squares very few samples. The danger this 
revealed the different results obtained Simidu and Masumoto, 
who both used the same apparatus but different series steels. 
The value for pure iron deduced from both Simidu’s and Masu- 
moto’s results would not far removed from the value 
have decided upon. 


Influence Composition Thermal Conductivity Steels 


Owing the measurement, the influence 
composition has only been determined few cases. The 
ence carbon has been determined Simidu, Masumoto, Bene 
dicks, Campbell and Campbell and Dowd did not make 
absolute determinations. Barrett, Brown and have also 
made relative determinations large number steels, but the 


Physical Review the American Physical Society, August, 1920, 126, 


Diss., Stockholm, 1924. 


and Dowd, Journal, Iron and Steel Institute, Vol. II, 1917, 251. 


Brown and Hadfield, Royal Dublin Society, Vol. 2nd Series, 1904. 


NS 
ik 
i 
\ 
7 


used 
low. 
and 
think the 
ron 
and would 
the value 
‘ted values 
method 
not think 
method 
this 
Masumoto, 
steels. 
and Masu- 
value 


Nteels 


The 
Bene 
not make 
have also 


but the 


120, p. 12 
p 51. 
ries, 1904. 


ments tn 


SCIENCE STEEL INDUSTRY 831 


given are incomplete that allowances for other ele- 
might present, cannot made. 

with influence composition, perhaps best 
consider the reciprocal the conductivity, namely, the thermal 
rather than the conductivity itself, since leads 
more straight line relationship. 

the results the foregoing observers are plotted, allow- 
being made for the silicon and manganese contents, (as- 
that per cent manganese increases the thermal resis- 
tivity units and that per cent silicon increases 
results plot very well straight line 
about per cent carbon, when the line curves upwards some- 
what. The initial slope the line indicates that per cent car- 
when not solution, increases the thermal resistivity 2.5 
units. Simidu’s values are somewhat higher than Masumoto’s 
and are irregular, but the general trend slope the same 
magnitude. Campbell and Dowd’s results agree fairly well with 
regards the influence carbon. Benedick’s results 
are irregular. regards the influence carbon quenched 
steels, the data available are not sufficient form definite opin- 
ion, but the indications are, that 0.9 per cent carbon, the rate 
inerease resistivity with carbon content, about units per 
per cent carbon the form martensite. 

The influence manganese has been determined Matsu- 
and The latter found that atom per 
cent manganese increased the thermal resistivity 1.9 units, 
about 1.95 units per per cent added manganese. Matsu- 
shita’s steels all contained 0.2 per cent carbon, the amount 
other elements not being stated. 

The direct determination the effect silicon appears 
have been done only Sedstrom, who found atom per cent 
silicon increased the resistivity 3.24 units, the per cent 
silicon the resistivity 6.48 units. Masumoto, from 
his results carbon steels, gives 5.087 the effect per cent 
Campbell and Dowd found that steel containing 0.104 
carbon, 0.122 per cent manganese, and 3.649 per cent 
had 3.17 times the thermal resistivity relatively pure 


Science Reports Tohoku Imperial University, 1919, 79. 


loc. cit. 
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iron when the annealed condition, and 3.93 times when 
ened. Assuming the value 6.05 for pure iron, his standard 
have thermal resistivity 6.08. This gives for the thermal 
sistivity his silicon steel, values 19.3 and 21.7 
These figures, allowing for the carbon and manganese contents 
indicate that per cent silicon increases the resistivity 
3.5 and units. 

Nickel has been investigated Ingersoll and his co-workers 
The curve shows sharp maximum about per 
The initial slope the curve indicates that when small amounts. 
per cent nickel increases the resistivity about 0.8 Sed. 
strom indicates that per cent nickel the resistivity 
1.2 units. 

Cobalt was studied who found two maxima 
thermal resistivity concentration curve, occurring about and 
per cent cobalt respectively, and minimum about per 
cent cobalt corresponding the formula FeCo,. The initial slope 
indicates that per cent cobalt, per cent this element 
inereases the thermal resistivity 0.26 units. 

The influence tungsten has been studied Honda and 
Matsushita, who investigated two series tungsten steels con- 
taining 0.3 per cent and 0.6 per cent carbon respectively. The 
initial portions the curves are irregular and one cannot deduce 
the influence small amounts this element. 

investigated series chromium steels 
taining 0.6 per cent carbon. Some doubt must placed these 
results, however, since the difference between the results obtained 
the quenched and annealed samples containing chromium, 
are not consistent with the presence 0.6 per cent carbon. 


Influence Temperature the Thermal Conductivity Steels 


the various methods measuring thermal 
eulogizes Lorenz’s method particularly suited 
studying the variation with temperature, and thinks that 
result reliable. This gives the coefficient variation with tem- 


Honda, Science Reports Tohoku Imperial University, No. 1919, 


Science Reports Tohoku Imperial University, Vol. IX, No. June, 


Physical Review the American Physical Society, Vol. 1900, 277. 
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0.161 degrees Cent. for pure iron and 0.151 


Cent., the corresponding values for wrought iron being 
and 0.143. Callendar, for cast iron per cent carbon, 
cent silicon, per cent manganese) gives 0.114 degrees 
Cont. and 0.111 102 degrees Cent. Jaeger and Dieselhorst, for 
per cent earbon steel, give 0.108 degrees Cent. and 0.107 
100 degrees Cent. Lees found slight increase the thermal 
steel, from 180 degrees Cent. (from 
Apart from these isolated attempts, the only real 
attempt study the influence temperature the thermal con- 
steels, that Honda and These authors 
measured the thermal series carbon steels 
1650 degrees Fahr. (900 degrees Cent.). They 
that the conductivity Swedish iron falls fairly rapidly 
with inerease temperature, from 0.134 degrees Cent. 
1145 degrees Fahr. (620 degrees Cent.). After passing 
the critical range, the conductivity remained fairly constant 

The initial rate fall (up 100 degrees Cent.) indicates 
per degree Cent. agreement with that 
Lorenz. This coefficient considerably reduced with 
alloying content. With more than 0.44 per cent carbon, the 
thermal remains tolerably constant about 570 
degrees Fahr. (300 degrees Cent.) when begins fall until the 
critical range reached. Beyond the critical range, slight rise 
conductivity with temperature indicated. clear that 
much more work needed this field. 


Specific Heat Steels Affected Temperature and 
Composition 


problems concerning the heat, usual, order 
specific heat over the whole range temperatures 
and Dieselhorst, loc. cit. 


Honda and Simidu, Science Reports Tohoku Imperial University, Vol. VI, 
No. November, 1917, 219. 
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will seen, however, from the following review work 
subject, that this constancy far from being realized, 
the pure iron between and 2730 degrees de. 


grees Cent.). Further, although the influence added 


has been studied few tem not far rem 
rem 


from normal, only the case carbon has the influence 
studied temperatures the neighborhood 1590 
(1200 degrees Cent.). From these results evident 
would unwise infer that the variations heat. 
ordinary temperatures, produced the addition certain ele 


ment, would the same elevated temperatures. 


i 


well review the work which has been done this 


Specific Heat Pure Iron 


the numerous attempts made determine the specific 
pure iron, fair agreement has been reached for the 
constant the range 100 degrees Cent. 
list most the determinations 


value this 
The following 


Umino™ 
Oberhoffer and 0.1107 
Honda™ 
Wust, Meuthen and Durrer™ 
0.1117 
Bystrom* 
Tomlinson* 0.1130 
Lorenz* 


The more recent these results are all not far removed from 
0.111 units: for the variation specific heat with temperature, 


Science Reports Tohoku Imperial University, No. 1926, 
1926, 


and Grosse, Stahl und Vol. 47, April 1927, 576. 


und Eisen, Vol. 27, 1907, 1764. 


Honda, Japanese Journal Physics, Vol. No. 1922, 71. 


Proceedings, Physical Society London, 19, 


Meuthen and Durrer, Stahl und Eisen, Vol. 38, 1918, 177. 


Atti. Torino, Vol. 23, 1889, Vol. XII, 1888, 326. 
Nichol, Tomlinson and Lorenz taken from Physico Chemical Tables, Castel! 
Evans, Griffins, 1902. 
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avreement not all agree, however, that 


heat with temperature, rising very rapidly 


constant throughout the gamma region, value between 
0.145 and 0.166 units. Some investigators report that the specific 
the delta region returns the value which had the 


alpha region above the magnetie change point. 


Composition 


the influence carbon, gives the mean 
and his results plot fairly well straight line, which 
that for this range temperature, per cent 
steels, increases the heat 0.0058 units. 
also determined the heat series carbon steels 
the whole range 2280 degrees Fahr. (1250 degrees Cent.). 
results, while below those Honda, indicate 
mately the same influence per cent carbon (actually 0.0052 
units). has determined the heat number 
specimens were all water-quenched from cherry red 
heat and presumably, therefore, some cases, were the hard- 
ened condition. This may for his values for the higher 
carbon content, being somewhat greater than those and 
Simidu. Umino showed that anomalous changes took place the 
region the allotropic changes. also showed that the increase 
specific heat with not maintained the higher 
temperatures, and that the gamma region, high carbon content 
causes considerable fall the heat. 

regards the influence manganese, from Brown’s results 
would appear that per cent manganese small amounts, in- 
creases the heat 100 degrees Cent.) 0.0006 units. 

regards the influence silicon, have only Brown’s 
results guide us. deduces that per cent silicon amounts 
per cent increases the heat 0.003 units: above 
this amount has effect. However, from both Honda’s and 
results carbon steels which contained varying amounts 

taro Honda, cit. 


“Umino, loc. cit. 


Transactions, Royal Dublin Society, Vol. IX, Series II, 1905-1909, 59. 
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silicon small amounts, would appear that the 
hoeffer and Grosse report that transformer iron 
cent silicon, has lower heat the range 
Cent. than pure iron, having value 0.1080 compared wit} 
for pure iron. They state further that the 
the change point (there gamma range) the 
heat constant 0.18475, compared with 0.165 
case pure iron the alpha and delta ranges above the 
change point. 


» 
avove 


The influence nickel the specific heat steels has 
studied Ingersoll and his and 
Both investigators reveal maximum the heat 
per cent nickel corresponding with the composition 
wakami reports minimum per cent nickel where 
finds none. There are wide differences the actual values 
specifie heat quoted the two observers. 

With regard the influence other elements, excepting that 
Brown, other work the influence elements other than 
those already mentioned appears have been published. 
following are Brown’s conclusions per cent tungsten increases 
the heat iron 0.0028 units, when amounts below 
per cent. With 3.5 per cent tungsten, the heat falls 
that pure iron, and further addition per cent this 
element decreases the heat 0.0093 units. per cent 
aluminum has influence the heat iron. 
copper and cobalt have effect the heat iron when 
large amounts carbon are present. 


Physical Review the American Physical Society, August, 1920, 126 


Science Reports Tohoku Imperial University, Vol. XV, Series 
May, 1926, 251. 
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And Informational Character Distinguished From 
Reports Investigations And Research 


THE CONSTITUTION STEEL AND CAST IRON 
SECTION II—PART VIII 


Sisco 


Abstract 


This installment, the eighth the present de- 
the tempering hardened Preliminary 
explanation the theory tempering, the object 
the various operations connected with this phase 
heat treatment are discussed, well the various tem- 
peratures used and the proper time for holding 
tempering temperature. The discussion the theory 
tempering includes description the structural 
changes taking place tempering and 
tural changes which occur when high carbon steel 
cooled various rates followed tempering. The ef- 
fect tempering upon the structure high carbon 
steel illustrated representative 


the previous discussion that have had concerning hard- 
ening plain that regulating carefully the rate 
steel cooled from above the transformation range atmospheric 
temperature, can obtain almost any structural condition that 
desired and, naturally, secure the physical properties character- 


isthe 4) 
per cent carbon steel about 1400 degrees and quench 
water structure consisting principally martensite will 


The quenched steel will have high tensile strength, 


nts which have already appeared TRANSACTIONS are follows: June, July, August, 

November, 1926; January, February, April, June, August, October, 1927; February, 
\pril, June, November, January, March, 1929. 


The author, director the society, chief metallurgi 


oratory, Air Corps, War Department, Wright Field, Dayton, 
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high Brinell hardness number but the same time 
brittle, will have little duetility. 

air, slowly with the furnace, different conditions 
result, with their accompanying 


tions which depend primarily the rate that 
fast the heat extracted from the steel. 


Thus 
variable may have structure which consists 
troostite, sorbite, pearlite mixtures two more these 

Theoretically easily possible regulating the rate 
ing quenching obtain any hardness that 
approximately 350 400 Brinell number can obtain this 
ness quenching the piece oil. But there 
this method securing the desired physical properties, and that 
the difficulty having the desired properties uniform all parts 
steel three inches diameter that the hardness will 350 
nell number, the heat from the central portion the bar will not 
extracted fast the heat from the The hardness 
near the surface may 350 but the center will much 
low this. 

order assure ourselves uniform hardness 
section, the only positive method cool that the hardness 
all parts the piece will greater than desired 
this quenching operation reheating reduce the hardness the 
desired point. This operation reheating quenched piece 
steel reduce the hardness known tempering, sometimes, 
pecially the practical heat treater, drawing. 


TEMPERING 


evident, then, that the first object tempering 
duce the hardness quenched piece steel will 
throughout its cross section. But this not the only 
Tempering relieves quenching strains. saw 
cussion that rapid quenching results structural condition that 
extremely unstable. Drastic hardening also produces internal 
strains the metal. These strains arise from the physical con 
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that the steel undergoes quenching when the surface 
more rapidly than the center when thin section cools 


than seetion. The internal stress set some steels 


high earbon steel pieces spontaneously—sometimes 


almost explosive violence—within few hours. Tempering re- 
lieves these strains. 

therefore, has two principal functions: reduce 
hardness and relieve hardening reducing the 
slight pronounced the case may be, the very unstable 
martensite the more stable troostite the still more stable sor- 

TEMPERING OPERATION 


The tempering operation consists heating quenched steel 
some temperature between atmospheric and the lower 
point. Temperatures below 400 degrees (200 degrees 
Cent.) not reduce the hardness materially but they 
the brittleness and relieve hardening strains. Tempering between 
and about 750 (200 and 400 degrees Cent.) re- 
sults reducing the hardness and streneth and the due- 
tility still this range there almost complete con- 
1100 degrees (400 and 600 degrees Cent.) reduces the hard- 
ness and and increases the ductility still more. The 
ture has now been transformed sorbite. 

Let view these changes briefly from the standpoint stable 
When high carbon steel slowly and uniformly 
cooled room temperature from some point above the lower 
point, Ar,, the normal structural change 
stable above Ar, pearlite stable below this temperature. When 
cooling through the Ar, point this normal change 
inhibited and the steel metastable equilibrium 
The more rapidly the material cooled through Ar,, 
the more drastie the quench, the more unstable will the strue- 
tural condition which evident that the most unstable 
condition possible the retention the austenite. This rarely 
attained, consequently the most unstable condition frequently en- 
the strueture known martensite. 
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atmospheric temperature the quenched steel too rigid for 
the transformation stable equilibrium take place even 


there present strong inherent tendency for so. 


slight heating, however, produces some plasticity and 
curs. The change readily noticeable quenched high carboy 
steel tempered 300 degrees Fahr. (150 degrees the 
temperature reheating increased the material becomes 
more plastic and there further change more stable 
ral condition. Thus tempering carbon steels the change 
martensite, the most unstable, troostite, more stable, and finally 
sorbite the most stable structural condition atmospheric tem- 
perature that results from reheating below the critical range. The 
higher the temperature which the steel heated the more read 
ily and more completely the transformation stable equilibrium 
takes place. 

addition these structural changes taking place tem- 
pering the strains introduced quenching are 
only necessary heat 300 400 degrees relieve 
these hardening strains, but the higher the tempering temperature 
the more rapidly they are removed. 


TEMPERING TEMPERATURES 


The effect reheating drastically high carbon 
first noted temperature about 200 degrees Fahr. (100 
degrees Cent.). Tools which must very hard such razors, some 
classes drills, lathe tools and the like, are tempered between 200 
and 400 degrees Fahr. Higher temperatures are used for such tools 
taps, dies, reamers and the like. the listed the 
proper tempering temperature for the various classes 
same authority recommends temperature 350 375 degrees 
Fahr. for removing hardening strains, temperature 400 900 
degrees Fahr. relieve strains and reduce brittleness 
degrees Fahr. toughening treatment. 

Structural steels including both plain carbon and alloy grades 
are tempered temperatures ranging from 400 1200 degrees 
Fahr. this class, which does not include tools, high hardness 
not essential combination hardness, strength, and duc- 
tility toughness, consequently the temperature usually deter- 


Society for Steel Treating, 1929 edition, pages 94-96. 
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the use which the steel most engineer- 


high strength, high resistance impact and good 


are all desirable. Since the tempering operation increases 


ductility, but the expense the strength, the heat treatment 


structural steels, especially the automotive and aircraft indus- 


resistance shock and economy machining are all taken 
consideration. 

general, steel held the proper tempering temperature 
‘ust long enough for the heat penetrate completely through the 
section. customary for tew heat treaters, least for some 
the older ones, judge the temperature the color the 
oxide films that form the bright, scale-free surface the steel. 
These temper colors range from pale yellow appearing 425 
Fahr., through straw, brown, purple, bright blue, dark 
blue. 600 degrees Fahr. 

There but little question that holding for relatively long 
period the tempering temperature increases the 
well known that the same temper color will result from heating 
two different temperatures for different lengths times. 
vives the following example: same amount tempering 
would result (a) from heating hardened steel 550 degrees 
when its color bright blue, followed immediate cooling, and 

from heating 490 degrees Fahr., when its color brown, 

and maintaining that temperature until its color bright 
Mathews investigated this and found that when tempered three 
pieces steel 790 degrees Fahr. for 20, and minutes the 
Brinell hardness numbers were 425, 390, and 340 respectively. 

After the steel has been held the proper temperature for 
The common practice remove the pieces from the furnace 
bath and cool the air, although many steel treaters quench after 
tempering. There one exception the statement that makes 
difference how the material cooled: few alloy steels are prone 
develop condition know blue-brittleness when cooled slowly 
from the tempering temperature. This condition which 
detected the low resistance impact does not develop when 
these steels are quenched. 


and Heat Treatment Iron and Steel, 1926, page 247. 
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STRUCTURAL CHANGES HARDENING AND 

Before taking the theories hardening will 
tage review some the facts have learned about hardenino 
and tempering and trace the structural changes takino 
these two operations. For illustrative purposes wil] consider 
happens cooling high steel containing 


mately 0.90 per cent carbon from above the critical This 


the structural changes will consider four quenching the 


first, very slow cooling; the second, slow cooling; the 
cooling; and the fourth, very fast cooling. will then consider 
tempering applied the structure resulting from each the 
four treatments noted above. These four rates may 
represented cooling small bar the furnace, still air. oil 
and cold water, corresponding the formation pearlite, sor- 
bite, troostite and martensite. 

Now consider the first case; very slow cooling. heat bay 
high steel some temperature above 1300 
(700 degrees Cent.), the Ac, point. this temperature the 
the structural condition known austenite. This. the solid 
solution carbon iron carbide gamma iron, stable 
permit this steel cool slowly through the lower 
point Ar, all the normal transformations will take place 
and the austenite will transformed into pearlite. 

This change upon slow cooling pictured graphically Fig. 
adopted from Sauveur. the critical range the structure 
austenite. the steel slowly cools through the range the 
tural condition changes successively from austenite martensite, 
troostite and sorbite, finally assuming the stable form pearlite. 
this slow cooling the lower transformation point Ar, appears its 
normal temperature, 1290 1300 degrees Fahr. There some 
question whether high carbon steel slow cooling from above 
Ar, actually does pass through successive stages where its structure 
first martensite, then troostite, and finally sorbite, before as- 
sumes the structurally stable pearlite. Some investigators believe 


that slow cooling the austenite transforms directly into 
but the evidence preponderantly favor its passage through 
these three stages. This evidence rests the established fact that 
possible cool steel slowly through portion the critical 
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Showing the Structural Change Cooling, 


Fast Cooling and Reheating after Very Fast 


and then quench, with the result that martensite, troostite 
sorbite will formed depending upon the temperature from 
quenched. Thus quench from the temperature 
corresponding Fig. martensite will formed, troost- 
and are made purposely large order that they 
may readily plotted and differentiated. Actually each represents 
relatively narrow temperature. 

temper this slowly cooled steel what will 
the was slowly cooled through the critical range all the 
normal transformations have taken place, hence 
nothing will happen until the critical range reached where the 
steel will again pass through its normal transformation from 
ite stable below 
represents stable structural condition repeated heating 


austenite stable above the range. 
ing below about 1300 degrees Fahr. will have appreciable effect 
temperature and thermal treatment will make 
more stable. 

Now suppose cool this high carbon steel slightly 
celerated rate, for instance cooling small bar air. There 
not time available for all the normal changes take 
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place. Fig. the austenite 
martensite, troostite and finally sorbite. 


The cooling 
too rapid permit the sorbite change pearlite 


and SO Th, 
sorbite retained atmospheric temperature. 


was 
previous installment the accelerated cooling has also 
the position Ar, point; now 1200 1250 

know that when cooling accelerated the resultine stru 
ture one metastable equilibrium, the degree 
depends upon the speed cooling. also know that when 
which metastable structural condition reheated, 
plasticity conferred upon the metal that tends 
stable condition. Sorbite not stable pearlite but 
sufficiently near that when steel tempen 
transforms pearlite with great difficulty, all. Hence 


+ 


is 


Wet 


can heat steel from atmospheric temperature the 
can hardly changed pearlite unless the steel heated into 
range where austenite formed and then followed 
cooling. 

follows, then, that very slow cooling resulting 
slightly accelerated cooling resulting sorbite produces 
conditions that are stable sufficiently stable that they 
tempering. Continued heating any temperature 
below the range will not affect the structure. There 
however, one exception this. Some steels that are 
structure when heated temperature just below Ar, 
inside the range tend spheroidize. This mechanism has 
discussed before. have seen that under the proper condition 
heating near the range results structural condition 
which the cementite has formed into globules spheres 
thin lamellae. look upon the familiar lamellar pearlite 
the condition which steel assumes when stable 
then can say that sorbite, too, relatively stable because temper- 
ing does not result the transformation the sorbite into lamellar 

Let now view the structural change very rapid 

correctly, spheroidized cementite represents more stable structural condit 
than lamellar pearlite but the present discussion not considered, does not 


from normal changes taking place when the steel cooled through the lower 
point. 
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Referring the second diagram Fig. see that very 
rapid cooling results the transformation the austenite stable 
the critical range martensite. This condition represents 
first stage the normal transformation from austenite mar- 
troostite sorbite pearlite, and the most unstable 
possible attain under normal quenching 
this rapid quenching the position Ar, has been lowered from 
1300 degrees 600 degrees Fahr. 

What happens tempering this unstable martensite shown 
third diagram Fig. soon the specimen heated 
slight plasticity conferred upon and the unstable martensite 
starts transform into the more stable approximately 
degrees Fahr. (400 degrees Cent.) the martensite 
and the structure wholly troostite. the material 
heated further the troostite starts change into the still more 
stable sorbite, which change not complete until the critical range 
evident from Fig. 58. Heating through the range 
martensite and finally austentite. Now the specimen again 
cooled these changes will take place the reverse order and the 
resulting structure will pearlite, sorbite, troostite martensite 
depending upon the speed the cooling. 

the steel cooled rapid rate from above Ar, but not 
fast enough that martensite formed, the structural changes 
taking place will the critical range the austenite 
will transformed into martensite and this turn troostite. 
The cooling too rapid permit further change sorbite 
pearlite and the troostite will retained atmospheric tempera- 

this troostitic steel reheated tempering there will 

structural change until temperature 750 Fahr. 
400 degrees Cent.) reached. this temperature there 
ficient plasticity the metal that the structural change from 
troostite sorbite begins. This change continues the material 
being heated the range. the range the rapid change 
from sorbite troostite martensite austenite occurs, and above 
the range the specimen will consist wholly austenite stable 
this temperature. 

Let trace these changes means the photomicrographs 
shown Figs. 66. The specimens were prepared follows: 
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bar annealed tool steel containing 0.96 per 
0.31 per cent manganese and 0.52 per cent chromium heated 
1950 degrees Fahr., held for minutes and quenched 
water. The bar was broken into small sections and specimens 
tempered for minutes the temperatures noted 
respective photomicrographs. The specimens were cooled 
the furnace from the tempering temperature. 
perature 1950 degrees Fahr. instead the normal 


1400 degrees Fahr. was used order promote grain 


and thus accentuate differences structure due tempering. 

The quenched structure, Fig. 59, typical martensite 
although had the quenching temperature been lower the particles 
would have been much smaller. Even though the quenching was 
drastic there probably little present the 
pure martensite close 100 scleroscope. Fig. shows 
tempering 200 degrees Fahr. results the formation 
appreciable amount troostite plainly evident the 
microstructure. The difference between this structure 
degrees Fahr. the structure mostly troostite. This was ver 
evident from the speed with which this specimen etched and also 
from the much lower hardness. The softening effect tempering 
200 and 400 degrees considerable. The hardness has 
decreased from 63. Except for the coarseness due the high 
quenching temperature, the structure shown Fig. 
representative the average heat treated tool steel. 

Further tempering results marked reduction hardness 
but the effect upon the microstructure not great clear from 
comparing Fig. tempered 600, Fig. tempered 800, 
Fig. tempered 1000 degrees Fahr. These temperatures are 
the range where sorbite formed. Fig. more 
sorbitic than Fig. 63. 

Fig. the specimen which was tempered 1200 degrees 
Fahr. Theoretically this structure should wholly 
tually appreciable amount spheroidization had taken place 
which was more pronounced near the surface the specimen 
the area photographed Fig. 65. The specimen whose 
shown Fig. was tempered 1400 degrees followed 


very possible, also, that the structure Fig. contains some retained 
which would account for the relatively low 
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This temperature above Ac, and within the 


range. Theoretically the resulting structure caused 
from this temperature should laminated pearlite. 
shown Fig. the cementite has spheroidized com- 


laminated pearlite present. was not possible 
aceurate scleroscope readings this specimen but was 
soft, probably about 160 Brinell number. 


the standpoint equilibrium varying the rate cooling 
piece high carbon steel produces structural condition which 
unstable when cooled most rapidly. Instantaneous cooling 
would theoretically, depressing the transformation range 
atmospherie temperature below, which means that the austen- 
‘te stable above the critical range would retained atmospheric 
This the most unstable structure possible. Only 
small amount reheating would neccessary promote 
the transformation the extremely unstable austenite into 
more stable structural condition. 

Very fast cooling depresses the critical range from its normal 
temperature 1300 degrees Fahr. approximately 550 degrees 
This means that only sufficient time available for the 
austenite transform into martensite which retained atmos- 
temperature. normal quenching practice martensite 
the most unstable structural condition possible retain atmos- 
temperature. stable that the slight plasticity con- 
ferred but little heating permits change into the more 
stable troostite. quenched high carbon steel tempered the 
change from martensite troostite begins immediately and com- 
plete 750 degrees Fahr. (400 degrees Cent.). During the reheat- 
ing this rapidly cooled steel from atmospheric temperature 
degrees, becomes less and less hard and more and more 
ductile. 750 degrees Fahr. the change from troostite sorbite 
and continues the material being heated from this 
temperature the critical range. the heating continued 
becomes less hard and strong and more ductile and tough, the 
harder troostite transforms into the softer sorbite. 

Moderately fast cooling, for example, quenching 
bar oil depresses the critical point from its normal temperature 


i 


sufficient time was available for the austenite change 


site and then troostite, which 


more that there structural change reheatine until 
temperature about 750 degrees Fahr. reached. this 
the transformation the troostite into sorbite 


This 
tinues the temperature increased from 750 degrees 
the range. the structure after quenching 
there will change structure and appreciable 
properties reheating this steel below 750 degrees 
above this point the hardness and strength decreases and the 
tility increases the material becomes more and 
increasing temperatures. 

Slow cooling, for example bar tool steel 
from above the critical range air depresses the point from 
1300 degrees about 1200 degrees Fahr. this 
slow cooling sufficient time available for the austenite 
martensite and then troostite and finally which 
tempering produces structural change below the critical range 
hence the structure and its accompanying properties resulting from 
this air cooling will not altered reheating any 
point. 

Very slow from above the critical range results all 
the normal transformations taking place, austenite mar- 
structure from austenite stable above the range pearlite stable 
atmospheric temperatures. Since there metastable condition 
resulting from this slow cooling tempering will have 
the properties. 

caused tempering quenched carbon steels, this reheating also 
serves relieve the strains induced the rapid cooling. 
all steels which have been rapidly cooled should tempered the 
degree that hardening strains are relieved, even though extreme 
hardness and strength are desired. 
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AND HEAT INSULATION CON- 
NECTION WITH FURNACE DESIGN 


Guy BARKER 


Abstract 


The author pictures the change furnace design 
from the masses brickwork the modern thin- 
walled heating shown that thin wall 
the new insulating will transmit less heat 
Refractory cements and cutting 
down heat losses refractory linings are 
quite thoroughly 


which have resulted from the use 

insulation, its refractories used con- 
struction, and the resultant changes that may anticipated 
furnace performance, have aroused new interest among furnace 
designers and users, especially view the improvements that 
are being brought about the manufacture high grade refrac- 
tories and materials. 

old fashioned idea furnace design was great 
brickwork, with arches thrown this way and that take 
care any opening that might was 
arbitrary fashion with the intention the 
total number heat units that would required, and dependence 
was placed soaking effects bring about such 
temperature could had. higher temperature furnaces, 
vreat deterioration took place brickwork, but this was 
and some extent offset the thickness the walls. 

With improvements during the last quarter 
century furnace walls have been made thinner and 
has developed for structural support 
suspended arches have come into vogue, firing and heat- 
ing methods have been improved, and definite principles design 
have been brought into play with combustion 

before the Western Metal Congress, held 


\ngeles, January 18, The author, Guy Barker, manager 
industrial department, Division, Johns-Manville, San 
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chambers Recently the use 


alloys for 
conveyor belts, guide rails, together with 

say that under the old regime 
insulation was the first place suitable furn 


materials were not available. 


little 
ace 
the second place the thiek 
small extent took the place insulation 
nine inches brick about the 


Walls 
offering with each 
same resistance heat 


insulation. 


The thick walls operated their greatest disadvantage When 


found take months before the walls 
became sufficiently constant justify the assumption that furnace 


Was 
continued state furnace 


Besides 
the character work that could turned out from such 
the further result was wastage heat allowing the heavy 
soak only dissipate again when the furnace 
shut down. 

present day still true that heavy-duty furnaces 
require thicker walls brick than the case where refractory 
conditions are less severe. yet they are much thinner than were 
formerly used. Today unusual condition, where 
wall combined with heavy load high temperature, that really 
demands wall thickness even inches. 


average thickness refractory for ordinary furnaces 13.5 inches, 
but the average should less for markedly intermittent operation. 
Where walls are thin and circumstances demand, the brick 
tied the buckstays prevent 

Better grades and special brick 
are largely responsible for the modern trend above 
development work still done, but progress 
being made, and this progress dependent the entire future 


course furnace economy. Designers are work improving heating 
equipment, and refinements are being made types and methods 
building furnaces, but the limitations all seem defined 
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REFRACTORIES AND INSULATION 


the furnace brickwork. There continual 


The Function Insulation: The growth and development 


suitable for use furnaces has been coincident with 


for materials designed retard heat flow arose 
the use thinner walls better grade brick 
well increasing demands for efficiencies. 

The that far more preferable minimize heat losses 
the use insulation rather than using very thick walls 
emphasized this illustration: 18-inch firebrick wall insulated 
with thickness high grade insulation will transmit less 
heat than solid refractory wall inches thick. 

The first reason which appears require that 
used accounted for the desirability limiting heat tlow from 
the hot interior the furnace, order reduce the fuel expendi- 
ture necessary maintain the furnace temperature. Raw fuel has 
steadily price during recent years, and modern con- 
struction has eliminated the great thickness brick that formerly 
tended cut down heat loss. Both these factors point directly 
toward the use efficient material bar the heat from 
inside walls and arches. When considered that heat loss 
from one square foot bare surface often amounts matter 
dollars per the proper emphasis begins 
insulation which will save major portion 

firebrick walls uninsulated and operates continuously 
manner that the worth furnace heat $0.40 per million 
the dollar equivalent the heat loss then amounts 
per square foot per year. When these walls are insulated 
with inches better grade high temperature block this loss 
reduced $1.21 and the saving $1.46 per square foot per year. 
such case the investment represented the cost the insula- 
repaid the savings operating cost long before the 
end the first year’s use. 


The heat that retained the walls virtue the insula- 
tion works raise the mean temperature the refractories. 
the temperature differential between inside and outside 
the brick which lessens internal strains and reduces spalling 
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Akin this are the fewer and smaller Wall 
appear due uneven expansion and contraction. 

furnace walls, thereby operating prevent the infiltration 


air the extrusion furnace some applications 
feature even more importance than the savine 


reduction fuel cost. 


LIN 


heat and 


) 


When insulation placed over the exterior furnace 
work, resistance introduced the path heat 
the outside. This promotes heat flow alone the leneth 


the 
and cooler portions the furnace are 


Sharp temperature changes are obviated and 


cent brickwork protected against widely varying rates expan 
sion. Lower temperatures may used the heating zone and 
adequate temperatures maintained all portions the 
furnace This saves fuel and still further prevents dete 
rioration the refractories. 

The idea blanketing furnace with materials 
order keep the heat neither nor novel. Recently, 
however, designers have been making new applications old 
theories, and great success has special 
insulation those portions furnace tend remain 
lower than mean 

usually true that the capacity and efficiency furnace 
boiler are directly dependent upon the operating temperature. 
With the improvements that have taken place refractories, and 
the protection against internal stresses afforded the brickwork 
processes higher and higher temperatures. Here again are 
limited the heat resisting properties the refractories 
indicated. 

increase production and improvement 
product not wait upon the use increased temperatures 
The saving heat, the uniformity temperature, and the elimina 
tion air infiltration, which may obtained through insulation 
have, many industrial resulted attainment 
both these advantages. also frequently possible make 
material saving through decreased waste product and doing 
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REFRACTORIES AND INSULATION 


old fashioned furnace the results that are possible 


roperly insulated one when the material handled directly 


hearth. 


this Besides 


important human advantage the heat 


heat there 
furnace Where statement that the 
has become trite, but the fact remains 


the certain definite results above outlined finds further 


eXpan methods for protecting and extending the life refractories 


and still incomplete without mention improvements that 


the been made the last twenty years the bonding brick, 


nts dete this period refractory cements were developed, 


materials refractories. 

Recently, best furnace practice material needed 


use and has bonding strength high temperature resistance, 
remain shrinks badly, crumbles away and blows out 
exposing the edges the bricks the action flame 
furnace The evil effects this exposure are apparent who has 
looked inside furnace setting. 

and the use suitable refractory cement, several notable 
are brought about. Heat losses are cut down elim- 
inating the open joints between the bricks. This further assists 
are protecting the insulation from furnace gases vapors. 
that which might drawn through the walls excluded 
direction the tight setting which results from application strong 
cement, 

than the bricks themselves would otherwise withstand 
heat prevented from entering the setting through cracks, 
thereby softening the some distance from the 
nment also increase spalling because there 
make possibility even temperature gradient from one face the 


doing other. 


= 
| 


the formation bad deposits the setting may 
making surfaces smooth possible. Open joints give 


good hold and removing the bricks the are 
pulled out unless they are strongly bonded Wash 
the interior the furnace chamber with refractory 
cement goes long way the mitigation 

The erosive action oil flames and the slageine 
low fusion ash are items great concern. 


les 
tightly sealed joints strong refractory cement pores 


filled wash coating the best protection that 
obtain. 


Where are spalling melting away, the deteriors 
coating the proper refractory cement bonded directly 
interior the setting. Walls whose life could measured weeks 
have thus been made last many months. 

the brickwork has failed locally, instead replacing the 
destroyed brick, frequently economical make hole the 
setting and pound suitable plastic firebrick 
small ladles, certain induction furnaces and similar equipment 
usefully served with rammed-in monolithic linings 
refractory cement. 

Where bricks are being laid with refractory cement the 
joint best protected troweling the cement the brick alread) 
placed, then laying the brick top and tapping until the joint 
between the bricks the desired thickness, being sure there 
sufficient cement that some squeezes out between the 
the brick. This extruding cement should troweled back over 
the face the joint and brick make joint for the protec 
tion the edges. For brick brick joint thin refractory cement 
used, and all faces the brick, that will come contact With 
brickwork already place, are dipped this mixture 
consistency. 

The cost the better grades refractory cements (the onl) 
ones economical use) about per cent the total 
the setting. only takes few weeks increased life the 
brickwork retire this investment, and the usual effect the 
proper application suitable refractory cements lengthen the 
life setting many months. 
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REFRACTORIES AND INSULATION 


Quality and Adaptability Materials: the matter par- 
refractories are peculiarly adapted for 
may only reeall few the principles, 

suitable refractory should not only the temperature 
the process but also the chemical action materials 
the setting and resist the incidental abrasion and Expan- 
sion contraction oceur with temperature change should 
uniform and not too great. 

made from alumino-siliceous clays are predominant 
manufacture and relative cheapness makes them 
common even When their acid 
bricks are strong temperature changes well, but are 

contract. They are, particularly useful for erowns and 
arches and other places where absence shrinkage important. 
refractory and markedly acid, but spall 
badly with rapid temperature, result whieh 
they are not used discontinuous furnaces, 

Probably the most important basie brick magnesi 
mercial magnesia bricks are suitable for furnace 
2900 degrees Fahr. 


Com- 
linings 
This product has important 


steel, 


irth furnaces for copper and 


temperatures 2750 degrees Fahr. one the popular 


made from chromite. Chrome bricks are 


practically without reaction either slags Chromite also 


has application patching 

The carbide and high grade alumina have shown such 
remarkable refractory properties are constantly gaining favor 
Where special uses can profit their peculiar 
Refractories are gradually being looked upon some- 


thing more than substances difficult fuse. 


the matter insulating materials for 
principal 
ability 


furnace work, the 
considerations are adaptability, dur- 


and temperature range within which suitable physical 


4 


characteristics are Several different forms 


tion are available the market, such blocks, bricks, 
materials. Generally speaking, the proper use 
cements limited finishing purposes for the protection 

materials whatever sort are properly utilized 
conditions render impractical the use solid insulation such 
blocks bricks. The better grades solid insulation are 
reliable quality, conductivity, strength and stability 
materials depend chiefly upon the human element for 
proper Even the most careful use 
will not insure stability overcome settling service. 

The convenient sizes block insulation (6” 36” 
36”) decrease the cost applying the material, 
heat transmission through the because the number 
joints minimized, and work through-joints 
practically eliminated. 

The kind, quantity and methods application materials 
which are recommended for particular furnaces, requires 
detailed treatment that bevond the scope this paper. 

the matter refractory cements, there are certain basic 
considerations which should touched upon summarizing 
qualities required accomplish the results previously 

used the setting, and should chemically inert the 
the furnace. 

should have temperature resistance equal better 
than that required the and should bond firmly 
undue shrinkage. cement should readily workable 
ordinarily should not vitrify until exposed furnace heat, 
order allow for readjustment that takes place the 
during the initial firing. 

All the correlating properties insulation, refractor) 
cements and refractories themselves, when taken 
the most approved manner, operate place the disposal 
the modern user industrial furnaces 
quantity, quality and economy, unheard 
prior the last 
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COMMENT AND DISCUSSION 


Comment and Discussion 


Papers and Articles Presented Before the Society and Published 
Transactions Are Open Comment and Discussion This Column 


FACTURE ACID OPEN-HEARTH STEEL FOR FORGING 


PARKS? 


writer considers Rassbach’s paper excellent account the 
practical manipulation acid open-hearth steel plant, and having had 
onsiderable experience Sheffield, would like add 
few remarks which thinks might interest the author. The writer 

like remembered that has had experience open-hearth 
this continent and therefore, realizes that some the fol- 
wing methods and suggestions may, owing conditions, quite im- 
racticable. 

stated the author, the carbon content the bath 
great importance and often has real influence the 
final condition the ingots. The writer likes see Siemens melt 
with carbon about 0.50 per above specification; the should then 
from four five hours later. This may sound somewhat idealistic, but 
more less regularily approached scientifically designing the charge, 
the pig and scrap having been graded. For that steels 1.00 
1.50 per cent carbon, such files and spiral springs, the charge should 
per cent pig used proportion; for special tires, 
springs, and nickel-chromium steels only about per cent 
ordinary pig iron used with per cent special hematite pig, accord- 
ing the specification. 

The writer agrees that the praetice should de- 
precated; faet, rather than this has often changed the heat some- 
thing having lower carbon provided the pit can got ready 


different molds are required. Every Siemens manager 


rized this and provided with selection useful specifications 
The 


later the cutting effect iron-oxide the The writer’s 


author does not state the actual method charging, although 


that enough pig iron charged first completely cover the 


Rassbach, “The Manufacture Acid Open-Hearth for Forging 
American Society for Steel Treating, Vol. XV, February, 1929, 289. 


Parks, member the so« iety, steel-maker and works metallurgist for the Riverside 
Limited, Calgary, Alta. 
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bottom and banks, very little harm can them from rusty 
mechanical charging machines this can easily 

WORKING THE The author here mentions addit 
limestone are this The writer would like qualify 
stating that lime should added freely stage. considers 


has both beneficial and economical not only 


creases the fluxibility the slag, but displacing the iron oxide from 
slag into the bath, has the reducing the the same 
do, The effect 


limestone the slag can well expressed the following formulae 


much safer manner, addition ore would 


are based the average numerous analyses. 


Normal acid slag commencement 


45% 


After generous limestone additions: 
FeO MnO CaO SiO, 
38% 
THE HEAT, The writer found that 
Visable let the fall few points below the 


limits before especially when the carbon 
The addition the finishings themselves, Which, 


mean the 
Was dropping gradually. 


condition, whilst the few points lacking are supplied the 


follow. When the falling rapidly 


ferromanganese 
erratically, through 
this risk cannot, course, 
The addition the finishings themselves, which, ineluding 
manganese and chromium, often amount well ove 
ficient the bath out condition added 


the writer always had the 


ton, sometimes suf 
cold, and for this 
preheated small oven the side 
the furnace. They were then simply pulled out bright red heat 
stage and shovelled into the bath. Ladle additions any kind should 
avoided except cases extreme necessity, such furnace trouble the 
melter’s control ‘‘hard 


" 


the latter case, when there good rea 
son believe that the carbon has dropped account the excessive delay, 
carburizing the ladle may attempted with powdered anthracite coal added 
paper bags. The efficiency per cent and the even distribution the 
are both very problematical and the best merely con 

The writer enthusiastic disciple bottom pouring, and 
believes that wherever possible should employed. Whilst one Shet 
field Works, superintended great number casting experiments with 
view arriving perfeet ingot production. external dimensions 
molds used were inches square the top tapering down about inches 


square the They were grouped sixes around trumpet 

which was connected system runner bricks the bottom each 

This, take it, similar the arrangement mentioned Mr. 
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Was 
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over-doses 
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netimes suf 
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beyond the 


is good 
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were surmounted patent feeder-head, the writer’s own de- 
Age, July 11, 1918) the whole system being thoroughly 

writer believes that too much importance cannot attached the 

isting, and well remembers standing over the teemer making him 


definite length time each group ingots. Each ingot 
about 2500 pounds, that each bed six molds together with guit 
runners required about seven tons molten steel. The objects aimed 


perfeet ingot skins, transverse 


pipe areas. The teeming speeds, varied, course, with the type 
being east, but for ordinary medium steels, the optimum speed 
minutes per bed. Consequently for 50-ton heat, over 
taken for alone, which, together with the time absorbed during 
ipping and moving the ladle from cluster cluster, means that molten metal 
the ladle fully three-quarters Since, Europe, both the 
and pitmen are paid tonnage good ingots every- 
one coneerned anxious get the metal into the molds, and the Siemens 
does not often get all the co-operation desired. The tendeney 
the tap too hot, and the teemer cast too quickly with 
too large nozzle, and all these factors must rigorously the 
production first-class ingots desired. With some special steels, principally 
roduced 12-ton electrie furnace, long minutes were taken 
east but here, course the smaller tonnage meant correspond 
ugly shorter time for the steel the ladle. With these slow speeds there 
tendency for the steel freeze over when coming the molds, but with 
ver cross-section, the ealled it, can kept moving 
being agitated with wooden laths, thus preventing over-lapping which must 
allowed happen. When the steel has entered the feeder-head, 
violently agitated with the laths, will found possible feed the 
atill through the guit, course, for quite appreciable time, with the 
result that per cent, often even 100 per cent, the pipe 
the head. The writer had considerable number such ingots sawed 
pletely through longitudinally order prove this and records 
graphs them are still the works question, 
conclusion, the writer would like add that finds Mr. 
paper extremely interesting, and that hopes may, the near future, 


ntere sting to both. 
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Reviews Recent Patents 


NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member A.S. 


1,697,811, Jan. 1929, Apparatus for Heat Treating, John Dail 
Detroit, Michigan. 


patent heat treating apparatus comprising 


ey, 


field inside the furnace. The articles heat 
pushed one one the chamber the furnace the 


push rod 26. When the articles reach the discharge chute 44, 


have not been heated sufficiently lose their properties, that 


—__- 


the articles have not reached the critical temperature, they are retained 
the surrounding coil and prevented from discharging. the article 
has reached the eritical temperature, dropped through the 
and into the quenching tank emerges from the chute, operates 
the flap valve which controls the switch operate the solenoid 
controlling the actuation the push rod which pushes another 
into the furnace. 


1,703,630, Feb. 26, 1929, Sheet-Steel Annealing, Paul Meehan, 
Cleveland, Ohio, Assignor American Dressler Tunnel Kilns, Inc., Cleve 
land, Ohio, corporation New York. 

This patent describes method preventing fusion sticking 
gether steel sheets undergoing annealing tunnel kiln sprinkling 
kieselguhr, diatomaceous earth other inert and inactive 
terial between the sheets keep them separated during the annealing 
eration, 

1,695,594, Dec. 18, 1928, Steel and Method Making the Same, Fred- 
erick Langenberg, New York, and Marcus Grossmann, 
Canton, Ohio. 

This patent new extra low carbon steel effervescent 


character distinguished from killed steel. The invention based 


the discovery that extra low steel towards red shortness 
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REVIEWS RECENT PATENTS 


not due the presence sulphur other impurities, but 
the oxygen uncombined form the intergranular spaces. 
from the effervescent steel first melting the base 
suitable slag reduce the carbon below .05% and then add 
nese the form ferrous reduce the oxygen content 


s] ed steel below 03%. 


Jan. 29, 1929, Metallurgical Process, John White, 
cranford, New Jersey, Assignor Bell Telephone Laboratories, Incorpo- 
rated, New York, corporation New York. 

uniformly This accomplished first treat 

with small amount vanadium followed small amount 
The vanadium has greater for sulphur than 
entrapped within the grains the niekel and 
vs. The vanadium preferably added consisting per 
vanadium and per cent miekel amount make the 


vanadium content the bath about 0.25 0.50 per 


Feb. 1929, Preparation for Cleaning Metal Preparatory 
Painting, James Klinger and Clete Boyle, Detroit, Michigan. 
This patent deseribes preparation for cleaning metal preparatory 
for the oi! and about per cent volume per cent 
ter and per cent acid, the metal cleaned 
referably painted with the cleaning solution and after 


period time the eleaning solution rinsed from the metal with hot 


1,707,570, Feb. 12, 1929, Process for Toughening and Hardening Taps 
for Cutting Screw Threads, Milling Cutters, and Other Cutting Tools, Regi- 
nald Frank Knight and Frederick Lynch, Burnham, England. 


comprises hole through the center the tap prior hard 
filling this hole with other suitable filling material, hardening 
tap heating and quenching, then removing the elay filling from 


center hole and introducing heating element into the hole heat 


sufficient degree restore the center the tap its original soft 


1,703,442, Feb. 26, 1929, Ingot Mold, David Giles, Latrobe. 
Pennsylvania, Assignor Latrobe Electric Steel Company, Latrobe, 


Pennsylvania, corporation Pennsylvania. 


patent discloses that mold for casting steel ingots, when formed 


cast iron alloy containing from 0.25 per cent chromium, has 
life, resisting welding and furrowing the mold walls 


molten 


steel than the ordinary cast iron ingot molds. The average 


ingot mold lasts approximately heats, whereas mold made 
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cast iron containing 3.67 per cent carbon and per cent 
been used for 180 castings steel and still serviceable 


other molds made cast iron containing 3.72 per cent 


cent chromium have been used for average 
being materially affeeted the molten steel, 

1,704,086, Mar. 1929, Method Cleaning and Annealing 
Noak Victor Hybinette, New York, 

This patent deseribes method cleaning 
allovs chromium and the like from the 
oxides subjeeting the metal the action molten capal 
dissolving the oxide, the slag containing acid, making 
hot, but brittle when cold permit easy removal 


1,704,410, Mar. 1929, Method Welding Rail Joints, Curt 
Heidelberg, Germany. 

This patent method treating welded 
have been locally overheated thermit welding 
metal adjacent the joint its proper texture and wearing 
method comprises heating the welded rail joint above 
perature, quenching and reheating temperature below the 
temperature and cooling. The heating carried out 


means heating means laid around the welded joint 


ner similar open electrie furnaces, quenching, 
oil and water sprays, and reheating and cooling down 

1,704,733, Mar. 12, 1929, Alloy, Frank Fahrenwald, Cleveland 
Heights, Ohio. 


This patent describes high melting point alloy consisting 
per cent and chromium per cent which has melting 
the direct melting processes available commercially the present tin 
The aHoy produced pouring molten aluminum and molten chrom 
together, which causes violent exothermic reaction, producing 
ture above the melting point the permitting thorough interming 
Fused magnesite has proven the most 


use the production such alloy. 


1,701,976, Feb. 12, 1929, Method Conditioning Articles 
Steel, George Hanks, High Bridge, New Jersey, Assignor Taylor 
Wharton Iron and Steel Company, High Bridge, New Jersey, 
tion New Jersey. 

This patent describes method conditioning 
ticles give them uniform wear and obviate the wasteful 
ing properties the articles service, which comprises exposing the 
steel articles, containing per cent manganese, 
gauged shocks which are applied the while cold and before 
put into service. Further refining the metal may include the 
tion wear diagram corresponding worn article and cold 


the with the diagram produce the desired 
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NGINEERING INDEX 


Engineering Index the the American 
L700 and fereign technical publica- 
Societies (New York) 


selective index to those articles which deal 
and related subjects, 


extruded 


construction 
ral properties reviewed 
America 
construction 
fabrication 


shapes 


and 
Aeronautical Soc, 
1929 


lass 


propel ies 
on 


Manipulation 
Structures 


mautical Soc. (Lond.) Alloy 
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experimenting overcome 
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solid-drawn 


Resistance 


socie iety quarters, 
printing 


should 


ENGINEERING INDEX 


Great Britain and Canada, 


the world’s most recent engineering and 


Carbon, Nickel, Content 
(Ueber die einiger 
Chrom-Gehalt), Schmitz Zeit. fuer Met 
allkunde (Berlin), 21, no, 
pp. 64-65, 

Results corrosion tests show that carbon 
exposed water, seawater, sul 
phurous acids, diluted and concentrated hydro 
dizing agents, chromium protective 
medium; with non-oxidizing solutions, nickel 
the constituent resistance 

Welding Facts and Figures, 
(Lond.), vol. 26, nos, 304 and 305, and 


cold 1929, pp. 6-9 and 


stecls are discussed; theory steels 
and their structures; special clements 
peratures required for annealing 
Properties and methods weld 
ing, hot working, and pickling are described : 
particulars series alloys made Central 
Steel Corporation America, 


UTTING Cutting Qualities 


im. Soe, Steel Treating Trans,, vol. 15, neo 


167-473, 
6140 steel under various heat treatments; cut 


ting rating influenced tool and 
finish torque and thrust 
measured drill dynamometer; time 


Hall 

their 
nickel 
longi 
manufac 


nealing does not give best machining quali 


ties; steels cut best 
greatest, 
MACHINING. Machining Qualities 


Steels, World (Man 

Results tests comparing machining quali 
six specimens alloy steel; determin 


Certain ation life tool from relationship between 


members who are aking practice clipping items for filing their own filing 
Index pages gratis addressing their 
whereby their names will placed mailing list 


black background) any the articles 
accompany orders, 
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speed cut and volume cut away differs 
when machining steels equal tensile strength 
but different Translated from 
Werkzeug. 


ALLOYS 

ANTI-CORROSIV E. Some New Develop 
ments Acid-resistant Alloys, Field. 
Inst. Min. and Met. Pub., 
no. 191, Mar. 1929, pp., figs. 

Paper describes part investigation work 
binary and ternary nickel alloys; nickel- 
molybdenum alloys have been found 
sess resistance acid, and fairly 
complete series containing molybdenum 
per cent was studied; data 
physical properties nickel-molybdenum iron 

Special Properties Eutec- 
tics and Eutectoid Alloys Binary Metallic 
vance Paper, (Lond.), no. 487, for mtg., 
Mar. 13-14, 1929, pp., figs. 

Hardness and electrical resistance num- 
that occupies special and abnormal po- 
sition property-composition curve, even 
drastically annealed alloys; for coalescence 
some constituent metals system have 

EUTECTIC INTERCRYSTALLINE 
Work-Softening and Theory 
Intererystalline Cohesion, Hargreaves and 
R. J. Hills. Jnst. of Metal—Advance Pape r 
no, 488, for mtg., Mar. 13-14, 1929, 
figs. 

Conditions necessary for work 
softening are: (1) presence more than one 
phase; (2) both constituents must have prop- 
after working air temperature; theory 
intererystalline cohesion outlined, which 
postulates existence transition zone between 
two orientations; conditions respecting effect 
stress and recovery; boundaries between 
different phases; cause creep attributed 
essentially boundary action. 


ALLOYS 


AGE HARDENING. The Age-Hardening 
Some Aluminum Alloys, Gayler and 
per 489, for mtg., 13-14, 
1929, pp., figs. 

properties five typical alumi 
num alloys containing copper, sili- 
cide, both, have been examined under simi- 
lar conditions heat-treatment Brinell hard- 
ness, tensile strength density, and electric con- 
X-ray analysis; precipitation 
solution entails two processes Which are con- 
sidered. 

RESEARCH. Reeent Research of Technical 
Fraenkel 
and Marz. Zeit. fuer Metallkunde (Berlin), 
vol, 21, 1929, pp. 2-5 and (dis- 
cussion) 5-6, figs. 

Comparative investigations were carried out 
five different alloys determine refining 
effects room temperature, 50, 100, and 
150 deg. Cent., and so-called cooking tem- 
perature, measurements Brinell hardness, 
tensile strength, and electric re- 


sults are discussed 
\luminum-magnesium Allovs 
and Met. Pub 
Report investigation 
lations 
high 
Company America 
four 
Mar. 16, 1929, 
Information regarding fusion 
num and its alloys given: 
size important; most 
moving oxide film; 
working speed greater than with ste 
gressive tack welding necessary: 
used for castings. 


CASTINGS 
bile Parts Soldering and Welding 
saetzliches ueber 
Schweissen ), Reininger, 
(Berlin), vol. 32, nos. 6 and 7, Fel 


10, 1929, pp. 111-118 and 
figs. 

terms, soldering and 
regard special requirements 
num and its alloys; physical 
welded 
joints; suitable composition 
welding media. 


and chet 


CORROSION 


Note the Inhibition the Corrosion 
176, Feb. 1929, 6 pp 

Discussion corrosion and prevention, 
particular reference to collapsible tubes s 
are used for packing shaving creams 
similar tests indicated that 
fective inhibition corrosion 
tained adding shaving creams 
cent weight sodium silicate solut 


ALUMINUM WELDING 


vol. 26, 304, Jan. 1929, 

Process applied heavy sheets, which 
oxyacetylene flame and hammering, 
thus welding them together, while they 
advantages; exact temperature of tremer 


importance; fusion welding 
From Revue Soudure 


BOILER PLATES 


Steel Elevated Temperatures (Ueber 


Streckgrenze von Stahl bei hoeheren 


aturen), Koerber, und Eisen (Dw 
seldorf), vol. 49, no. 9, Feb. 28, 1929, | 


» 


273-277. 

Stresses due higher boiler 
are discussed and importance 
limit steel; results applied design 
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NT. Some Observations 
Muntz Metal, Van 
sf Vin. a ta Vet. Engrs. Tech. 

structure developed under 
tions, and abnormal grain 
per cent copper and 
preliminary survey only, pre 
servations made during invest! 

lubility lations. 


Brass and Spet ial Brasses 
(Berlin), vol. 73, no. Feb. 
165-168, figs. 
Old and new methods oft making zine-copper 
diagrams texture; 
aluminum, lead, tin, other 


BRIDGES, GHT 


Welding, Chapman. Instn. 

and widening combined 
bridge over Murray 


maximum span 112 reasons for 
ast-iron plers; idening roadway 


CAST 


l » and Steel of ¢ anada (Garde nvale, 
vol. 12, no. 2, Feb. 1929, Ppp- 55-56. 


distant date hypereutectic iron 
lisappear; electric furnace, 
ferric oxide and germs primary gra 
inereasing fluidity metal, will 
silicon and phosphorus contents 
ced. Paper sented Paris Foundry 


HEAT TREATMENT. Heat Treatment and 
Heat Treating and Forging, vol. 15, no. 
1929, pp. figs. 
controlled initial melting tempera- 
res and subsequent heat treatments are 
ed: affecting proper 
effects treatments hardness physi 
properties hardened and tempered cast 


NICKEL Practical Foundry Mixtures. 

West. Machy. World, vol. 20, no. Jan. 1929, 
3 y 

Recommended nickel-iron mixtures for pres- 

castings, liner and bushing 
istings, gear and pinion castings, production 
istings, and automobile-cylinder castings. 


SPECIFICATIONS. Metallurgical Specifica- 
tions for High-class Cast Young. 
Engineer, Lond.), Feb. 
1929, pp. 28-29. 
opinion engineer, through long 
with unreliability iron, has 
lifferent concerning with results 


+) 


her specifies material requires 


ENGINEERING NDEX 867 


Nor sees that he gets it : remedies are dis 
and recommendations made for obtain 
adopting methods ribed engineer will get 
what paying iron likes best, iron 
which never varies, 


CASTINGS 

Castings 
cally Saves Annually, Prendergast. 
1929, pp. 406 459, figs. 

Method Sullivan Machinery 
for cleaning castings hydroblast 
does not away with sand-blast altogether 
account preliminary cleaning, work 
operator has been reduced mini 
cost installation, expense opera 


M-NICKEL 


High Chromium and High Nickel Chromium 
Alloy Steels, S. J. Hewitt. Can. Machu. (To 
ronto), vol. 40, no. 3. Feb. 7, 1929, pp. 46 
and 

Melting of these steels in basic lined elec 
tric furnace deseribed analysis stainless 

Treated Nickel-Chrome Robertson 
and Newport. Metallurgist (Supp. 
Engineer, Lond.), Feb. 22, 1929, pp. 23-26, 
figs. 

Results compression tests made tubes 
diam., gage, supplied Superin 
tendent Royal Air Force; approximate 
chemical composition Was earbon 0.25, nickel 

New Chromium- Nickel Like 
Polished Silver, Kreutzberg. Jron Trad 
vol. 84, 11, Mar. 14, 1929, pp. 710 
711 and 722. 5 figs. 

Possibilities chrome steel and its 
many applications are steel 
United States Ludlum 
Steel Co, entral Alloy Steel Corp, and Firth 
Sterling Steel under patents under 
numes Strauss Metal, Dimondite, and 

Soft Steel Resists Corrosion. Tron Age, vol. 
123. 11, Mar. 14, 1929, 752, fig. 

Deseription improved chromium-nickel 
steel marketed three American companies 
under Krupp patents. 


CORROSION. Resistance nickel- 
Pilling and Ackerman. Am, Inst. 
Min. and Engrs. Tech. Pub., no. 174, 
Feb. 1929, pp., figs. 

Tests experimental melts covering 
portion range containing per cent chro- 
mium less; technique corrosion testing 
hydrogen-discharging acids; sulphurous acid 
and mixtures thereof; effect constitution 
and heat treatment; tabular data and dia- 
grams results tests. 


CORROSION. 
Engineer, Lond.), Feb. 22, 1929, pp. 
3 figs. 

Results experiments alloys 
tested were vacuum furnace from 
electrolytic iron, pure nickel and 
electrothermic chromium corrosive media 
where formation oxide skin possible 
munity these alloys due chromium 
content, non-oxidizing media nickel 
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TRANSACTIONS 


element which chemical 
Abstract translated from Zeit. fuer Metall 
kunde, 1928. 

Problems Welding Chrome 
Nickel, Welding Engr., 
vol. 14, no. Feb, 1929, pp. 41-44, figs. 

with high expansion, 
low heat and coarse, irregular 
welding carbonizing boxes, welds 
cooling; plates easily welded 
not results tests; carbon are 
makes welds Misco very much faster than 
welding rolled Misco, Paper read before Weld- 
ing Conference Purdue University. 


COPPER ALLOYS 

HEAT TREATMENT. Heat Treatment and 
Mechanical Prope rties of Some Copper Zine 
Copper-Tin Alloys Containing Nickel and 
Silicon, Ellis and Schumacker. 
Inst. and Met. Pub., 
no, 188, Mar, 1929, pp., figs. 

Mechanical properties can varied over 
wide range suitable heat treatment; 
may have possibilities manufacture 
high strength brass castings; hardened 
heat treatment would permit 
tion manufactured part performed 
soft 


COPPER-SILICON ALLOYS 

Copper-silicon 
Bedworth. Inst. and Met. Engrs. 

Tech. Pub., no, 1&9, Mar. 1929, 14 Ppp., 16 

Commercial development this 
alloy is recent 5 discussion of research by 
various investigators; description tests 
hard-drawn and annealed wires, varying 
composition, after alternate immersion di- 
lute and dilute sulphurie acids 
relative corrosion determined measuring 
loss weight, tensile strength, and elonga- 
tion; discussion results. 


CRYSTALS 

ANALYSIS. Progress Crystal Analysis. 
Engineering vol. 127, no, 3293, 
22, 1929, pp. 242, fig. 

Pure metals, like copper, are too soft for 
most purposes; X-ray investigations alloys 
are generally made Debye-Scherrer method 
photographs reproduced show 
served X-ray spectrum more and more 
zine added copper. Abstract address 
before Roy. Inst. 


CUTTING 

New Method Diamond Die Cutting, 
Hall, Wire, vol. no. Mar. 1929, pp. 
and 100-102, figs. 

Wire drill used replace needle and dust 
process turns out more accurate sizes one- 
tenth time; four-day shop-production records. 


FORGING 

HEAT English and Ameri- 
can Die Tool Steels, Urquhart. 
Treating and Forging, vol. 15, no. Feb. 
1929, pp. 177-182, fig. 

Review contrasting composition well 
hardening, tempering and general thermal 
treatments; divergencies constitu- 


tion some English nickel 

air-hardening properties 
ratio air-hardening wat 
ening; influence rate 
making; molybdenum 
cooling ranges die steels: 


DURALUMIN CORROSION 
Correlation Laboratory 
1929, pp., figs. 
alloys containing copper, magnesium 
and manganese; such 
brittle service without any marked 
indications; method 
laboratory tests are described: 1 i] 
discussion of tests. 


ELECTRIC FURNACES 
New 
News (Duisburg), vol. 
pp. 22-23, figs. 
bining advantages both radiation and 
rect-are heating, which was evolved 


Furnace 


mag; inclination and longitudinal 


electrodes application shop and meta 
lurgical research 

Heat for Process Work, 
ker. and Indus. Mgmt., 
Feb. 1929, pp. 268-269, 

Facts governing choice furnace equi 
ment; electric furnaces are usually operated 
with lower labor and supervisory costs 
clocks and pyrometers 
feature electric maintenance must 
given serious 

14, 1929, pp., figs. 

Improvements and modifications melting 
small and large induction and high 
frequency furnaces; construction and perfor! 
including continuous furnace for annealing 
brass strip; large brass works 
with explanation uses which electricit 
has been applied; diagrams showing energ 
consumed and effect special precautions 
used improve power and load factor. 


naces, Moseley. Ry. Jl., vol. 35, no. 
Feb, 1929, pp. 25-26, fig. 

Results obtained Norfolk and 
castings single-end car-type furnace, having 
door one end and truck which moves 
and out interior. 

HEAT TREATING. The Furnace 
for Hardening Steel, Hill. Eng 
Australia and New Zealand 
vol. no. 10, 15, 1929, pp. 
figs. 

Hardness and wearing quality steel 
pends upon quenching taking place exact 
moment pyrometrical observation not 
ficiently accurate give consistent results 
accurate gaging observing magnetic 
ty; Wild-Barfield furnace, steel heated 
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— 
5 


HIGH 


duction are desc ribed ; 
bath 


its deoxidation completely } 


melt 150 kw, furnace 
Stainless 


Furnace 
Volved 
Mal adjustmen: construction 


trie 
and 


but 

becay 

input tir 


tons steel per year, about 


INDUCTION, 
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equipment, 


METALL RGICAL, 
104 


CeSs adapted for 


ath temperature 
applications 


magnetic 
positive reading showing correct 
quenching; high tempera 


described 


Melting Steel 


Furnace, Foun 
no. 5, Mar. 1, 1929, pp. 192 
6 figs. 


power consumption 


for produe 
steel ; 


data 

steel duplexing for 
Melting Stee! in the 

juency Furnace, Foun 
no. Feb. 15, 1929, pp. 146 
high frequency furnace Ajax 
Corp., and its 


violent stirring 
Which due pinch 
entirely pos 


efore pour 


steel melt, 
The Metrovick Coreless In 
Iron and Coal Trades Rev. 
118, no, 3184, Mar. 8, 1929, 
figrs, 


and 
furnace 


costs 
developed by 

al Oo. steel fur 
capacity furnace 
not described 

performance and comparison 
operating cost, on 


t\ pes 


of 


basis 
5 pounds 
ton, 

Coreless ion 


Jl, (Lond.), vol. 40, 


no, 


154, 5 figs, 

»-ewt., 500 cvcle steel furnace, 


provided 
160-kw. 
coupled to %65 
slip-ring induction motor 
furnaces compara 


Equip 
Furnaces Used the Melting 
Ferrous Metals, Arnold, 


vol, 6, no, 2, Feb, 


for 

Heroult type discussed, 

transformer capacity and 
control, design 
application of 
equipment, 
Presented before 


equipment 


structure, 
metering 


Heating 


2672, 
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(Lond, 
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method 
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industrial 
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Age, vol, 
fig. 


RING INDEX 


ture 


are considers 


Considerations 
Construction and Operation 
Sistance Furnaces (Wirtschaftliche Ueberle 
trische 


W iderstandsoefen), \ 


Archiv fuer das nhuettenwesen (Duessel 
dorf), vol, 2, no. S, Feb. 1929, pp 14, 
figs, 

Term, resistance furnace, Is de fined : prin 
ciples heat economy, 
and Operation. of resistance furnaces are dis 
cussed, 


With special 
operating economies, 


O Operat Ing costs, 
ete, 


An Improved Form of Elee 


W. E. Prythereh. Inst, of Metals Advances 
1929, 5 pp., 2 figs, 

Electric resistance furnace is deseribed for 
higher available temperatures (up 


heating 
graphite pellets, 


end 


clement consists 
short 
sheathing 


carbon or 
placed end 


tube easily over them’: 
naces in the Workshop (Elektrische Wider 
mele, Siemens (Berlin), vol. no, 
1929, pp. 101 


108, 2 


muffle furnaces 


hardening and 
furnaces Siemens and 


melting 
Schuckert and their 


Theore tical 


Considerations 

materials which are heat treated it; 
heat losses 

SHOP 

Treating and Forging, vol. 15, 
Feb, 1929, Pp. 219-220, 


Miscellaneous products introduce com- 
parts fuel consumption 
figures are difficult 
my; choice of fuels: pulverized coal 
close 
have been 


econo 
admits 
its 
MACHINES 


Forging 


FORGING 


Horizontal agerecht 


(Duesseldorf), vol. 49, no. 10, Mar, 7, 1929 

application forging machines 


and their advantages 
parts; general 
details 


forged 
makes machines, 


lescr ipt ior 
different 


FORGINGS—CLEANING 
Cleaning Forgings 


Shortened Time, 
123, no. 


Tron 
Mar. 14, 1929, 


742, 
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870 TRANSACTIONS THE 


process cleaning forgings 
adopted Cleveland Hardware Co., Cleveland, 
described; pickling and tumbling combined 
one barrel, followed soda cleansing 
second; operation facilitated loading skip. 


FURNACES, METALLURGICAL 

DESIGN. Practical Industrial Furnace 
sign, Mawhinney. Times Trade and 
Eng. Supp. (Lond.), vol. 23, 552, Feb. 
1929, 524. 

Review book published Wiley, New 
York, purpose which discuss practical 
methods for solving problems 
most often met with designing and operat- 
ing industrial heating furnaces; restricted 
metal industries, particularly 
steel, and does not include melting furnaces. 

PULVERIZED LIGNITE 
tion Rhenish Lignite the Iron, Steel 
and Metal Industry (Rheinischer Braunkohlen- 
staub der und Metallindus- 
trie) Kaspers. Archiv fuer Waerme- 
(Berlin), vol. 10, no, Feb. 1929, 
pp. 57-61, 

Use pulverized lignite heating, forg- 
ing, annealing, and 
Bibliography. 


GAS HEATING 

What the South Metropoli- 
tan Gas Company Doing Stimulate the 
Industrial Load. Gas World vol. 
no. 2324, Feb. 16, 1929, pp. 17-20, 

cussed: heating and drying tinplate and 
enameled goods construction; air 
heating and ventilation 
tablishment; drying for 
enameled parts heating steel 
car-wheel tires. 


GASES—FLAME PROPAGATION 

Flame Speeds and Their Calculation, 
Payman and Wheeler. Fuel vol. 
no. Jan, 1929, pp. 4-8, figs. 

Observations which law flame speeds 
based are summarized; object collate 
existing data speed flame with 
mixed inflammable gases, show extent 
which law obeyed and discuss exceptions 
it. 


GEARS AND GEARINGS— 
STRESSES 

Visualizing the Stresses Gearing, 
Bradford. Am. Mach. vol. 70, no. 10, Mar. 
1929, 393, fig. 

Details simple polariscope built and used 
Westinghouse Mfg. Co, for de- 
termining quickly and accurately tension stres- 
ses teeth gearing under 


IMPACT TESTING 

NOTCHED BAR, Effects of Notching (Die 
Kerbwirkung), Wewerka. 
(Berlin), vol. no. Jan. 17, 1929, pp. 
33-37, figs. 

Local increase stresses material due 
drilling, notching, and changing cross sec- 
tional area are 

NOTCHED BAR. Notch Strength and Static 
Characteristics (Kerbzaehigkeit und statische 
Kennziffern), fuer das 
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Rolling Properties Open-Hearth 


Influe 


nee of 


Tin 


Quality, 
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(Duesseldorf), vol. 


0.99 per cent tin and 
content 


tests 


IRON 
HEAT TREATMENT. 


Blue Heat Phenomena Iron and Disper 


sion Hardening the 
193, Mar. 1929, pp., figs. 

Study hardening reheating after 
work, made three kinds iron 

The 
Transformation Pure Sauveur 
Chou. Inst. Min. and Met. Eng 

Tech. Pub., no. 169, 1929, 
figs. 

experiments 
confirm, possible, accuracy view 
when gamma iron transforms into alpha 
reaching A-3 point, each gamma grain does 
not change bodily into one more 
grains, but that alpha phase forms 
boundaries and along planes 
austenite grains; photomicrographic ex! 
bits are submitted evidence. 

METEORIC. Neuman Bands Met 
22, 1929, pp. 31-82. 

Clear picture manner 
which authors consider lamellae 
metal erystal uniformly region band 
such way produce twin, Review 
paper published Roy. 
IRON ALLOYS 

GAS 


From Alloys Vacuum Melt ng, 
Ziegler, Am. and Met. 
Te ch, 


figs. 


die 


138-139, 
Notes chemical 


weldability 
strength and elongation, 


Pub., 


no. 


Stahl und 
49, no. 5, Jan. 31, 19 
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168, 
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ntinuation work described 
and Ziegler paper indexed 


Index, under Furnaces, 
present work gives numerical 
das results of series of exper! 
ron-carbon 


einer Waermebehand 
Archiv fuer 
vol. 


| n (Der 

auf die 

Kisens), W. Koester. 
(Due sseldorf), 


des 


} ettenwesen 
1929, pp. 503-522 ineluding dis 
, of figs. 
te f tests on improvement of iron 
steel quenching under 


nealing after quenching determina 


tensile strength, expansion, 


IRON AND STEEL 


Discussion of Allov Steels Marks Mee ting of 
8, 1929, pp. 621-623. 

New York meeting and 


Ameriean Institute Mining and 


Metallurgical Engineers, with brief abstract 
{ pers and discussion; two ke scriptions of 
furnace investigations Joseph 

Furnas; other papers outlined, 

Preprint, no, for mtg. Apr. 8-11, 
1929, pp. 51-70, figs. 

Many improvements quality 

grades for gray and 
nental mixtures; effect borings, tin, 
ind burned material; 


ition relation use; effect 


IRON CORROSION 


(Die des Chlorna 
van Wuellen Scholten. 


fuer das ERisenhuettenwesen (Duessel 
surface conditions and oxvgen 


single potential with air 

and under hydrogen; 


IRON CASTINGS, CHILLED 


Influence Temperature Molten Metal 
Castings (Ueber den Einfluss der Giess 
emperat beim Busse. Gies 
Due ldorf), vol, 16, no. 8, Feb. an. 

pp. 169-179, figs. 
research and author’s own 


Influence of temperature of molten 


metal depth hardness, transition from 


white gray zone, cracks and 


ALLOYS 


The Magnesium-Zine, 

Advance Pape r (Lond), no. 91, for 
Mar. 13-14, 1929, pp., figs. 

Equilibrium diagram svstem been 
limits solid solution various 


Hume 
Metals 


mtg., 


MALLEABLE TRON 


Malleable Cast Tron, Plant. Jron and 
1929, pp. 151-152. 

which may white-heart 


castings and mode dealing with need 
for watching each stage operation; 
fects; distortion castings; eracking during 


some 


HEAT The Heat Treatment 


and Furnaces, vol. no. Feb. 1929, 

Maximum temperature heat treating mal 
leable castings should high 
heat, maintenance deformation 
castings under their own weight high 
used to prevent such deformation, 


pp. 


MANGANESE STEEL 

New Facts About Manganese Steel, 
Age, vol. 123, no. Feb. 28, 
1929, pp. 600-601, 4° figs. 

manganese steel, which was activels 


life, deformation lines contain 
Abstract Howe Memorial 
presented before Am, Inst. Min. and = Met. 
Engrs. 

CASTING. Explains Manganese 
Foundry, vol. 57, Feb. 1929, 


pp. 128-131, 

shrinking shells rolls, welding and forg 
erties is presented; data on drawing tempera 
tures and micrographs show changes occur 
ring. 


METALLOGRAPHY 

Metallography Simplified for Practical 
Schwartz, Jron Trade Rev., vol. 84, no. 
21, 1929 pp. 520-5 figs. 

Structural constituents cooling 
and heating iron with content 
2.5 per cent are discussed; contents indi- 
vidual fields diagram unstable equilib- 
rium iron; constitutional areas 
iron-graphite diagram determined; cast iron 
containing finely distributed carbon will show 
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much greater strength than one with very 
large graphite crystals. 


METALLURGY—RESEARCH 


. 

Chem. alge (Lond.), vol. 20, no. 501, Feb. 
2, 1929, (Met. Section) pp. 9-11. 
covering year ending July 
1928, containing following 
behavior of alloys at high temperatures ,; uses 
oft alloys; research on minor metals; possible 
uses beryllium, and alloys beryllium 
light mechanical properties and micro- 
structures alloy; fatigue ma- 
terials; electrodeposition; material 
denser tubes; work Non-Ferrous Metals 
Research Assn. 


METALS 

Metals (Die Aufnahme von Gasen durch 
Metalle), Sieveris. Zeit. Vetallkunde 
(Berlin), vol. 21, no. 1928, pp. 
and (discussion) 44-46, figs. 

Absorptive capacity metals and allovs 
for oxygen, nitrogen, rare gases, sulphur di- 
oxide, and hydrogen set forth; supplement 
contains data solubility gases metals. 

GAS DETERMINATION. Investigation 
Gases Metals (Die Untersuchung 
Metallkunde (Berlin), vol. 21, no. 2, Feb. 
1929, pp. 46-55 and (discussion) 5557, 


figs. 


Q- 


Significance impurities, nature 
gases, methods gas determination, and 
apparatus employed are discussed results 
gas determination copper, nickel, aluminum, 
zine, and iron fusion 
process are given, 

GAS DETERMINATION. Gases Metals. 
Vetallurgist (Supp. Engineer, Feb. 
1929, pp. 17-18. 

recent years, increasing attention 
has been given question gases metals, 
mainly from two points view: one relates 
sample, while other relates problem 
eliminating gas from metal; 
portant work being done 
moval gases should followed with inter- 
est, inquire whether there are 
not circumstances which certain gases may 
play useful even necessary part. 

GAS DETERMINATION. Technological 
logische Bedeutung der Metallen) 
Zeit. fuer Metallkunde (Berlin), 
vol. 21, no. 1929, pp. 7-11, figs. 

Nature gas absorption metals 
stituents; blister formation liberation 
gases; technical importance and 
segregation phenomena caused 
fluence oxygen technical properties 
metals, especially steel; absorption 
refining processes, 

GAS OCCLUSIONS. Fusion 
Vacuum (Recuit des métaux dams vide), 
(Paris), vol. 26, no. 1929, pp. 1-11, 

Results tempering and fusion vacuum 
tests certain metals carried out with pur- 
pose determining nature and quantity 


gases they conta 
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Spectrographs the Metal Industry 
Twyman, 


1.-Zeit. (Berlin), 
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9, 1929 
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ests now desc ribed were made on 
rods iron, steel and 

Is; paper discusses interrelationship 
time, and number cycles caus 


Surface Films Protect Metals Against Cor 
| N Speller. Chem. and Met. Eng.., 
1 2? Feb. 1929, pp. 85 87. 


surface phenomena that modify 
high-temperature oxidation action 
etals resistant to corrosion; su 

surface film formed rather 
chromium addition. Extracts from 
Am. Assn. for 


Aspects Corrosion Fatigue, 
im. Inst. Min, and 

no. 172, Feb. 1929, pp., figs. 

Pitting admitted chief agent 


reduce fatigue limits; tests under 

segregate effect pitting from that 

nd others corroded by 10 per cent 

. cid, caustic soda, Schenectady tap 

corroding agent, 


METAL CORROSION 
Application Corrosion Tests 
tesistance of Nickel and Monel Metal to Cor 


ckel, influence various metals dairy 
and influence metals human 
experiments New York 
and plants producing milk products 
sions are favorable, particularly 


NICKEL 


Lond.), Feb. 22, 1929, 32, fig. 

shown that when nickel heated 
sure only one hour temperature 900 
Cent. sufficient produce marked 
tly translated from Zeit. 

Metallkunde, Jan. 


Corrosion Niekel (Interkristalline Korrosion 


Nickels), W. Koester, Ze ét. fuer Metall- 
Berlin), vol, 21, no. Jan, 1929, 
19-21, 


effect sulphurous gases nick- 

brittleness 
to accelerated progress of reaction 
boundaries; analysis 
structure; technical importance 


METALLOGRAPHY 


‘he Crystal Structure Nickel, Mazza 


Dublin Philosophical Vag. and Jl. of Set, 
vol. 42, 1929, pp. 301 

Pure cold-drawn nickel, after various ther 
mal treatments, although sometimes showing 
face-centered cubes pure cold-drawn nickel 
subsequently annealed for long time does not 
show recrystallization structures, detectable 
X-ray analysis, for annealing temperatures 
940 deg. quenching does not pro 
duce any change dimensions lattice 
nickel, 


NICKEL STEEL 

IMPACT TESTING, 
$1380 Steel Determined by Tests, T. H. Wick 
11, Mar. 16, 1929, p. 4538, 

Results series test nine commercial 
heats of standard 3130 medium-earbon Jow 
chrome nickel-steel determine impact tough 
ness and torsional properties; 
out research International 
Nickel materials from three different 
steel companies 1500-1525 deg. found 
suitable temperature range for 


PLATE MANUFACTURE. The 
Nickel-Steel Plate, MeKnight. Jron and 

1928, pp. 17-22 and 
22-23, figs. 

steels, containing between and 


he 


tigs. 


(discussion ) 


3 per cent 
nickel, which are used boiler 
tion, and particularly manufacture 
large plates from in. thick 
are discussed; physical properties 
metal; details its beginning 
ingot phase and proceeding then step 
step through stripping and reheating, 
flattening, inspecting and shearing and 
testing. 


Surface Hardening the Nitriding Pro 
cess, W. MeQuaid., Am. Mach., vol. 70, 
Feb. 28, 1929, pp. 360-362, figs. 

Operating practice worked out Tim 
ken-Detroit Axle Co., which has reduced time 
simple when compared with carburizing and 
hardening operations required obtain good 
case-hardened work. 

Practical Applications the Nitriding Pro 
10, Mar. 1929, pp. 387-388. 

Applications process are 
triding has field for those parts that not 
give satisfactory results when carburized, and 
qualities; high cost chief obstacle. 


NONFERROUS METALS 


GRINDING, 
Interesting and Peculiar Grinding Problems. 
Abrasive Industry, 10, no. Jan, 1929, 
pp. 15-18, figs. 

bronze, lead and babbitt alloys, brass, 
and bronze are described. 

SPECIFICATIONS, Nonferrous Metal Speci 
Foundry, vol. 57, no. Feb. 
1929, supp. plate no. 751, 
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METAL INDUSTRY 

GREAT BRITAIN. The Possibilities 
viving Nonferrous Metallurgy 
ain, Cullen. Metal Industry vol. 
34, nos. and Jan. 25, Feb. and 
1929, pp. 97-100, 125-129, and 

25: Decline position United King- 
dom has taken place 
ideas, stabilized economic conditions, com- 
sition, and de-rating industrial 
hereditaments. Conclusions concern 
ing gold, copper, lead. Position 
zine, manganese, chromium, molyb- 
denum, and Abstract paper before 
Min. and Met. 

REFRACTORY MATERIALS. 
Materials the Nonferrous Metal Industry, 
Searle. Metal Industry vol. 
34, Jan. 11, 1929, pp. 57-59. 

general sense, most nonferrous metals 
do not make any vers serious demands on re- 
fractory materials, though there are exceptions 
such lead and zine and alloys containing 
them, which have 
detail with chief uses 
ployed, and with future prospects develop 


OPEN-HEARTH FURNACE 

Heat Open-Hearth Furnaces (Moj- 
ligheter till forbattring martinugnens var- 
meekonomi), 
Annaler (Stockholm), vol. 111, June 2, 1928, 

History open hearth furnaces results 
naces generation gases when with 
wood or coal ; details of closed insulated re- 
vas and intakes; utilization heat 

Open-Hearth 
viewed. Jron Age, vol. 123, no. Feb. 28, 
1929, pp. 603-006. 

Review open-hearth furnace sessions 
Iron and Steel Division American Institute 
Mining and Metallurgical Engineers New 
York meeting with brief abstracts papers 
and round table discussion physical chem- 
steel making; Gases Extracted from 
Alloys Vacuum Melting, 
and Their Elimination, Herty, Jr., and 
Gaines, Jr. 

PRACTICE, Basic Open-Hearth Fur- 
Met. Pub., no. 186, 1929, 
3S pp. 

got vields obtained in process of converting 
pig iron, scrap, and ore conver- 
sion, some scrap produced; 
cause many possible losses, 
heat tests; lower yield with higher ore and 
pig charges does not necessarily 
ingot cost in actual practice, since inexpensive 
iron ore may disadvantage lower 
yield. 


\Lay 


PRACTICE. 
123, no. 28, 1929, 

Influence various types 
they should caleulated 
plex Operation considered sep 


furnaces open hearth sla 
are reduced amounts used 
tallic contents. 


before Am. Inst. Min. and Met. 


posits on Efficiency of Checke rb 
Wirkungsgrad 
Stahl und Eisen 
vol. 49, no. 5, Jan. 31, 1929, p. 4 - 


Basic Furnaces stud 
drift), Ahren, Jernkontorets 
(Stockholm), vol. no. 1929 
figs. 

Report from Stockholm Institute 
qualitative and quantitative 


Ith 
phur content 
PIG 


29-5, for mtg., Apr. 8-11, 1929, pp. 

Results investigation conducted 
Ing operation and 


iron; relation iron properti 
amount moisture blast; machinal 
improved use pig iron which has 
completely reduced blast furnace, and 


through blast furnace; 
blast-furnace coke. 


lit 


PIPE, CAST IRON 

CENTRIFUGAL CASTING. The 
gal Casting Iron Pipes, Fox and 
vol. Feb. 1929, pp. 147 150, 

Survey centrifugal casting iron pipes 
spinning pipe; annealing 
rotation mold; rate flow meta 
and rate traverse; synchronizing opera 
tions; casting temperature; metal comp 
metal composition chill; 
terials used. Abstract paper 
Coordinating Societies Birmingham 

Now Cast Pipe Centrifugally Sand Molds 
Machy. (Toronto), vol. 40, no. 
21, 1929, pp. 39-43, figs. 

Process casting iron pipe centrifugal 
with use refractory sand mold, employed 
Gartshore-Thompson Pipe and Foundry 
Hamilton, described; empty flasks moved 
ramming station and rammed with sand, 
taken casting machine and cast, removed 
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Sand Molds 
40, no. 6 Mar 


pe centril igal 
mold, 
nd Foundry ¢ 

flasks moved 
ned with san 
cast, rem ved 


and stripped where pipes 


from flasks. 


DETECTION. Electrical Apparatus 
Rail Flaws. Ry. Engr. 
Feb. 1929, 44, fig. 

ns { n car has been developed which 

iden rail fissures and marks location 

law that flux surrounding 

uniform area will remain 

need unless there defect lack 

PROPERTIES. Research the Influence 

Rolling Temperature Properties Rails 

ueber den Einfluss der alz- 

auf die Eigenschaften der Schien- 

und Eisen (Duessel- 

49, no. Feb. 1929, pp. 


figs, 


fforts toward improving quality 
changing chemical composition are 


structure; influence final rolling 
strength, notch hardness, and 
rail steel No. German 
National Railway was experimentally investi- 
and results are given. 
SILICON-MANGANESE STEEL. Silico- 
nganese Steel for Special Trackwork, 
Ry. Jl, vol. 73, no. Feb. 
1929, pp. 254-255, 1 fig. 
Silico-manganese steel for special trackwork 
lescribed; alleges case and uniformity of 
hardness and toughness re- 
sist wear; ease repair welding. 
STRESSES. Longitudinal Stresses Rail- 
road Tracks (Laengskraefte 
gleis), Gruenewaldt. J.-Zeit. (Berlin), 


no. Feb. 1929, pp. 157-161, 


Report laboratory and field experiments 
Karlsruhe Institute Technology, longi- 
stresses track rails caused ther- 
expansion; buckling rails long 
due axial pressure tons; instruments 

rail joints, bolts, ete.; further 
planned. 


SHEET MILLS 


Sheet and Tube Tin Mill East Chicago, 
Manker. Blast Furnace and Steel Plant, 
17, no. Feb. 1929, pp. 291-292 and 
Plan plant, heating equipment, and tin- 
operation, described detail; tin pots 
special burners, with temperature con- 


SPECTRUM ANALYSIS 


Absorption Spectra the Va- 
Tin, Silver and Manganese (Los es- 

absorcion los Vapores Es- 


t (Buenos Aires), vol, 4, no. 86, Nov. 


Results tin and manganese agree with 
Zumstein and and col- 

tors; absorption spectra 
ertaining ionized atom were ob- 


STEEL 
Motor-Car Steels. Mech. 


ENGINEERING INDEX 


World (Manchester), 85, 2196, Feb. 
1929, pp. 107-108. 

Selection of both good and cheap steel for 
automotive parts is discussed; steels used for 
various parts engine; 
throw cranks made nickel chrome nickel- 
chrome molybdenum steel; steels for three- 
bearing and five-bearing cranks; various steels 
for connecting rods; gears alloy case-hard- 
ening steel oil hardening nickel-chrome 
steel. 

The Physical Chemistry 
Steel-Making; Deoxidation with Silicon and 
the Formation Ferrous-Silicate Inclusions 
Steel, Herty, Jr. and Fitterer. 
Min. and Met. 36, 
1928, pp., figs. 

Inclusions steel dealt with include only 
ferrous silicates ; system ferrous oxide-silica ; 
deoxidation and formation ferrous-silicate 
inclusions; function silicon open- 
hearth process; segregation silicon and sili- 
cates equilibrium between 
and iron 

TESTING. Recent Mechanical 
Steel Higher Temperatures (Neuere mecha- 
nische Pruefungen von Stahl der Waerme). 
Pomp. Jernkontorets Annaler (Stockholm), 
vol. 111, June 1928, pp. 44-66, figs. 

Review recent experimental studies 
mechanical strength steel, temperatures 
1000 deg. cent., made Mellanby and 
Kerr, Oertel, French and Tucker, Koerber and 
Pomp, Dickenson and others; details special 
apparatus used. (In German.) 

the Technical Worth Steel From Physical 
Test Data, Kinzel. Applied Mechanics 
(A.S.M.E. Trans.), vol. 50, no. 30, Sept.-Dec. 
1928, pp. 13-16 and (discussion) 16-23, fig. 

Method using various properties help 
predict relative ability steels withstand 
service stresses discussed; technical worth 
may combined with cost give economic 
worth; quantitative bend test devised 
author; welded joints for pressure 
steel for structural purposes; 
deep stamping such automobile fenders, 

TESTING—HARDNESS. Relation between 
Various Degrees Hardness Unhardened 
Carbon Steel (Die Beziehung zwischen ver- 
Kohlenstoffstaehlen), Wallichs and 
Maschinenbau (Berlin), vol. 
no. Feb. 1929, pp. 69-74, figs. 

Steel containing from 0.1 1.0 per cent 
carbon was exposed various hardening 
tests, result which curve 
showing ratio Brinell hardness new hard- 
and corresponding equations 
are derived. Bibliography. 

Physical Chemistry Rimmed 
Steel, Carlin. Blast Furnace and Steel 
Plant, vol. 17, no. Feb. 1929, pp. 261-262. 

Terms rimmed, open, and effervescent, are 
applied low carbon steels manufactured 
open-hearth and Bessemer processes 
which little deoxidation applied with ex- 
ception manganese, either furnace, ladle, 
molds; phenomena manifest solidification 
ingots are explained theory; practice 
producing rimming steel physi- 
cal chemistry process, 


STEEL ANALYSIS 


INCLUSIONS. The Physical Chemistry 
Steel-Making; Study the Dickenson 
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Method for the Determination Non-Metallic 
Inclusions in Steel, C. H. Herty, 
Fitterer and J. F. Eckel. Min. and Met. In- 
figs. 

Extraction methods proposed by 
workers; extraction with halogens, chlorine, 
bromine; iodine extraction 
Dickenson method; Dick- 
enson method ferrous silicates; study 
ferrous silicates low-carbon 


previous 


STEEL CASTINGS 

Symposium Steel Castings, 
Foundry Trade Jl. vol. 
Feb. 7, 1929, pp. 105-106, 1 fig. 

Replies symposium previously published 
Jan. and 24, 1929, issues Journal 
difficult steel castings; X-ray situation; re- 
search Woolwich being concentrated into 
attempt understand mechanism 
tearing. 

MANUFACTURE. How Steel Castings Are 
Made Spain (Como obtiene fundicion 
acerada Espanya), Lafont. 
y Construccion (Madrid), vol. 7, no. 73, Jan. 
1929, pp. 21-26. 

Steel prepared open-hearth furnaces, 
converters, electric furnaces, crucibles, rever- 
beratory furnaces, cupolas; latter are most 
common and are used artillery shops; in- 
gredients furnace charge; details prac- 
tice; test bars material for projectiles. 
Extracts from before Int. Foundry 
Congress, Barcelona, 


Jefferson. 
40, no. 651, 


STEEL MANUFACTURE 

Unreduced Oxides Pig 
Iron and Their Elimination 
Open-Hearth Furnace, Herty, Jr. and 
Gaines, Jr. Am. Inst. Min. and Met. 
pp., figs. 

Report findings sub-committee, with 
cooperation Bureau Mines Ex- 
periment Station Pittsburgh, 
tion reasons for occurrence bad iron and 
study methods for preventing its appear- 
ance; methods testing; blast-furnace op- 
heats; elimination silicates open hearth 
effect silicates finished steel. 

RIMMED STEEL. Manufacture Thick- 
skinned Ingots Rimming Steel, Hib- 
bard. Fuels and Furnaces, vol. no. Feb. 
1929, pp. 

Discussion steel mold, covering three 
kinds gas holes that are present rim- 
ming steel enters mold, their formation 
and effect steel. (Continuation serial.) 


“jor 
235-237. 


STEEL METALLOGRAPHY 

Microscopical Studies Passive Layer 
Carbon Steel and the Resulting Etch Struc- 
ture (Mikroskopische Studien einer 
Schicht Kohlenstoffstahl und der 
resultierenden Aetzstruktur), Benedicks and 
P. Sederholm, Zeit. fuer Physikalische Chemie 
(Leipzig), vol. 138, no, 1-2, 1928, pp. 
123-134, figs. 

studying etch figures produced Car- 
bon tool steel solu- 
tions, unusual fissured effect was noticed which 
attributed existence extremely thin 
passive layer; this produced 
etch fluids containing only 0.1 per cent 


acid; 
discussed. 
The Constitution Steel and 
vol. 15, no. 3, Mar. 1929, pp : 
tig’s. 
Structure three transition 
heat-treated steel, 
under certain conditions 
tively easy identify martensite 
tite their appearance and 
teristics sorbite usually can 
from granular pearlite same 
troostite in Tempe red steels, 
Steels, Riedel. Sibley 
vol. 43, Feb. 1929, pp. 49-52 
diagram 
of eftect of 


probable origil 


i 


martensite, 


addition most 
ing elements. 
STEEL PLATES 

CORROSION TESTING. 
rosion Tests Mild Steel, With Special 
erence Ship Plate, Rawdon. 


no. Feb. 1929, pp. 

Series of corrosion tests of mild ' 
cluding some Leviathan and other 
Was made wet-and-dry and continu 
mersion methods solutions: ste 
varied copper content from trace 
0.60 per cent; corrosion rate wet-and 
test decreased surface film 
but was always much 
have not confirmed 
than plate. 


TUNGSTEN CARBIDE ALLOYS 
School of Mines Mag., vol. 19, no. 2, Fi 

1929, pp. and 20, figs. 
Note alloy tungsten carbide 


steels, 


higher than that 
claims made for Ley 


al 
General Co., under direction 


that can 
ting tools 
machinery 
screw 


made, and suitable for cut 
lathe work; can used 
operations glass, such 
threads glass rod. 

METALLOGRAPHY. 
Study Tungsten Carbide Alloys, 
and 
Met. Engrs.—Tech. Pub. 
pp., figs. 

five alloys means microscopic and 
performance data are given and 
alloy against any other. 


. Gregg 
Am, Inst. Min, ana 
no. 184, Feb. 1929, 


TUNGSTEN CARBIDE 
TOOLS 

Tungsten-Carbide 
Brady. Am. Mach., vol. 
1929, 346, figs. 

Description endurance tests tun 
carbide cutting tools run 
Navy Yard; when operated under 
working conditions, and for purposes intended 
they will cut hard and tough steels high 
speeds than have ever been attained 
speed steels; when working high 
without overtaxing tools, they will 
indefinitely without resharpening, thus 
great savings grinding and set-up 
economical operating speeds. 
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70, no. Feb. 
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RECOMMENDED PRACTICES 


TENTATIVE GENERAL RECOMMENDATION FOR THE HEAT 
TREATMENT TOOL STEELS* 


Purpose—Much the general procedure for the heat treatment one 
tool steel applicable others. These general instructions are 


repetitions the Recommended Practices. 
when correct temperatures are used, many hardening 

result from improper manipulation during heat treatment. The heat 
treatments given the Recommended Practices apply specifically certain 
steels, the compositions which are given, This does not 
that such steels are the only suitable ones. These practices are primarily 
for purpose recommending heat treatments. 

obtained from the supplier the material. 

Rate Heating—The rate heating for carbon tool steels given 
the Recommended for the Heat Treatment Plain Carbon Tool 


Steels, 


The rate heating for alloy tool steels proportionally slower than for 


earbon steels the alloying content 


Charging Furnace—Cold tools should charged comparatively low 
no. furnace temperature. Sudden changes temperature should avoided, 
and except where steels such high speed are changed from preheating furnaces 
high heating furnaces purposely obtain rapid heating. especially 
important avoid sudden changes when reheating hardened steel, breakage 

The steel should placed the furnace expose the maximum 
Metallographi surface. often advisable place supports under the tool raise 
from the furnace bottom, thus allowing better heat circulation. intricate 


184, Feb. 1929, tool should supported such manner avoid warping. 
structure Large range temperature usually given recommendations 
pic and X-ri 


aA are given ahd 


obtained any tool held anywhere within that range. Generally the larger 


hardening heats. This does not imply that satisfactory results 


pieces are heated the high side the range while small pieces are heated 
CUTTING the low side. 
ficiency, Uniform Heating tools intricate parts that have 


no. Y, Feb. 2s, 


heat non-uniformly should frequently rotated. 


ests ol 


Philadelphia 


prope Tentative Recommended Practice and wili remain tentative for least one 

intended, until adopted the Board Directors and the Recommended Practice Committee 

membership the Sub-committee the Heat Treatment Tool Steels follows: 


Smith, Cox, and Frank Garratt. 


this Tentative Practice are solicited and should directed 
Secretary the Committee, 7016 Euclid Ave., Cleveland, Ohio. 
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long enough insure uniform heating throughout the section 
Usually, steel higher alloy contents will require more time, 
stituents, but may cause some grain growth 
particularly temperatures well above the critical range. 

the time holding high speed steel quenching heat, 
Recommended Practice covering this steel. 

Furnace Atmosphere—Proper control furnace gases important, 
fur possible reducing atmosphere should maintained 
should not strike the steel. 

Effect tool steel heated above low red heat 
contact with seale, even though neutral reducing atmosphere, 


Therefore, care should taken keep steel, furnace heart 
and containers free from scale 

Thermocouples—The thermocouple should placed that the 
temperature the tool. 

generally better insert the thermocouple through the end sid 


COOLING 


Quenching Medium—The quenching medium should vary with the kind 
steel treated the speed cooling necessary for various types 
tools. bath volume should provided maintain the 
medium proper temperature for uniform results. use air 
agitation and cooling for liquid baths not 

generally give best results when used between the temperatures 
and 125 degrees Some oils crack otherwise deteriorate 
than others; consequently, should replaced found 

Water—Water should held fairly constant temperature, 
between 110 degrees tap water often aerated and ma) 
produce soft spots, that water which has been previously boiled, has 
used frequently, recommended. stream water will prod 
better results and help throw the seale, while spray sometimes gives mor 
uniform results. 

quenched brine will more readily throw their 
producing cleaner surface more uniform 

Air—Certain types tool steels require air cooling. When using 
blast, should applied through properly designed device and care 
taken avoid the presence water the air tools are cooled 
naturally (without blast) they should supported allow 
cooling. 

Quenching—Tools should quenched such manner that warping 
minimum. When immersing tools avoid the formation gas pockets 
vigorous agitation jets. important that the medium 
come with all parts the work hardened, Tools should 
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RECOMMENDED PRACTICES 
before reaching the the quenching 


see the Tool Steel Recommended Practice the 


after removal from the quenching bath and before tem 
always highly and non-uniformly strained condition and danger 


the should placed metal basket for immersion which prevents 
with the sides bottom the container, 

Charging the Tempering Furnace—When charging tools for tempering, 
medium should low temperature and the tools still 
Rate Heating—Tools should brought heat slowly 
hardening strains and warpage. Better results are obtained 
holding lower temperature for longer Generally the length 
time should not less than one hour temperature, but for specifie steels 
should made the Tool Steel Recommended 


Cooling from Tempering—Slow cooling from the tempering 


recommended, rapid cooling may induce strains the steel 
Tempering Color—Temper colors are the result slight oxidation 


the surface steel when heated low temperatures, and are dependent upon 


time well temperature. They are only indicative .of the temperature 


the surface and not that the steel has been heated uniformly 


throughout. Tempering color conducive When 


necessity requires that tools tempered they heated 


other operations and the heat raised progressively the point 


color desired, after which further tempering usually stopped quenching 
withdrawing from the heating The quenching should done 
the least manner, preferably oil. 


NORMALIZING 


Segregates—Normalizing implies heating steel far enough above 


+ 


range all cementite into solution and when this done, 
tollowed air cooling; cementite segregates may thus 
more uniform distribution obtained. This operation more important 
that have been forged and should not necessary any material 
that has been 

Kate tools for normalizing should done 


similar that hardening. 


soaking time proportional the size the piece. Prolonged 


will coarsen the grain, rendering subsequent refinement difficult. 


Cooling—The material cooled from the normalizing temperatures 
still air, 
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ANNEALING 


Purpose—Tool steel annealed soften for machining 


grain refinement. 


Packing—When the pieces are small advisable 


to pack t} 
charcoal prevent scaling, decarburization, and too 


container, and avoid the presence 


S OTF 


contact with 


Heating—Heat slowly and uniformly the temperature desired 


Recommended Practices). 


Holding Heat—Hold the annealing temperature 


complete penetration heat and readjustment grain. The 


time 
increase with the weight the charge and the alloy content the steel, 


Cooling—Cool slowly, preferably the furnace, other 


heat insulating material. the 


cooling, particular 
through the critical range, the softer the steel. the alloy content 
steel increases the slower the steel must cooled. 


Strain Removal—Heating sometimes carried out temperature be! 


the range for purposes strain removal. This operation 
preparatory treatment for hardening tools which considerable 
has been done. This treatment should performed after the rough 


operations, but before heating for quenching, 


Warping—The amount warping hardening dependent 


shape the tool, the kind steel, the conditions heating, and the severity 


the quench. water hardening steels warp 


hardening, and long, thin tools more than short, heavy ones. 


Some causes undue warpage are improper tool design, the use 


wrong type steel, non-uniform too rapid heating, 


the steel while heating, heavy machining, cold 


removal surface, improper manner non-uniform quenching, 
and non-uniform too rapid 


Soft Spots—Common causes soft spots are decarburization, 


heating, quenching bath agitation, gas pockets, tong contact, 


insufficient removal surface, defective furnace bottoms. 
Straightening—When necessary straighten, the operation should 


performed when quenching the descending heat. The tool may 


somewhat the tempering operation, but the peening required will not 


nearly much the tools are straightened the quenching 


continuous press should available with adjustable control and 


edge rests, that one load does not satisfactorily straighten the 


another load can immediately straightening the descending 


heat, the tools should withdrawn from the bath temperature from 
600 degrees Fahr., which just below the point where the oil ceases 


flash, the water quenched tools, just where the water steams 


dries off the tools immediately. 
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RECOMMENDED PRACTICES 


CONSTITUTION IRON-NICKEL ALLOYS 


strueture and equilibrium the binary iron-nickel alloys have engaged 

attention and interest metallographers from the earliest days the 
When presented the first equilibrium diagram this 
marked case temperature hysteresis transformation change 
the allovs containing per cent nickel, and curious anomaly 

netic and elastic behavior the alloys containing between and 
nickel, not strange that this series should have been the subject 
much study and through the intervening years. Even today 
here are questions regarding the iron-nickel equilibrium that are far 
being solved clearly understood. 

The diagram reproduced composite based upon the work 
most those cited the references, but Hanson and 
Hanson and (liquidus and delta and 


and (irreversible transformations). 

The equilibrium above 900 degrees Cent. The temperature interval 

freezing not known with accuracy, but small. The freezing point 
splays flat minimum above per cent nickel. 

lattice; parameter similar that alpha; 

lattice; parameter varies from that nickel 
10° em) 3.60 for per cent nickel-iron; exists all 
temperatures bevond per cent nickel, temperatures above for lower 

alpha—body-centered cubic lattice; parameter varies from that 


iron 
for per cent nickel-iron; exists below 


The delta and alpha phases are similar all respects and 


} 


garded the same phase with separated temperature ranges 

Below 34.4 per cent nickel the phase, upon cooling, suffers transforma 
the phase, and the marked temperature lag between 
and heating this has been called the ‘‘irreversible’’ transformation, 
and the alloys, the steels. Due the marked temperature 
this transformation the true equilibrium temperature position 
not indicated the diagram the two temperature ranges 
observed slow cooling and slow heating. 


The opinion that these two temperature ranges and 


represent reality one range heterogeneous equilibrium, which lies some- 
} 


wl 


between the two and which the equilibrium range the transformation 
the stable existence both the and the That there 
such equilibrium temperature range duplex phase structure evident 


stant Manager, Development and Research, International Nickel Co., New York, 
red the Nonferrous Data Sheet Committee the Institute Metals Division 
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from meteor structure. 


TRANSACTIONS 


Solid 


THE 


olution 


+ 


+ 


Per Cent Nickel Weight 


Iron Nickel Equilibrium Diagram, 


The magnetic method has been widely used 
means identifying the two. The line represents the temperature 
the magnetie transformation, which known only 
Beyond 34.4 per cent nickel the alloys suffer transformation 
shown the diagram the line but the present opinion that this 
does not correspond phase transformation. 


change lattice type passing through the transformation and 
discontinuous change lattice parameter. 


Fahr 


Deurees 


Temperature 


degrees the two 
and are distinguished the fact that the former para, whil 
the latter ferro-magnetic. 


The chief evidence for this 
point view that X-ray analysis which has demonstrated that there 


The evidence therefore seems 
support the view that whereas the transformation true 
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definite and clear, the one associated with 


ges Within the atom perhaps within small group 


not affect primarily the lattice organization and hence not true phase 

This transformation thus similar that iron and that 
consequence their reversible transformation, these alloys have 


The reversible transformation also proceeds the alloys lower nickel 


insofar they contain the phase indicated the diagram. 


toy 


having between and per cent nickel may therefore undergo either 


their past thermal history. 
Between and per cent nickel the magnetic transformation the 
with are marked but apparently quite continuous changes 
physical properties, density (dilatation expansion) and elas 
per cent nickel there such pronounced arrest the thermal 
expansion the magnetie transformation that industrial use 
idely made the alloy, under the name 
The simple outlined above the nickel-iron equilibrium below 
degrees Cent. not shared all authorities. The principal point 
believes that there actual phase change associated with 
the transformation between and per cent nickel, which explains 
the dilatation and observed ageing the alloys showing the 
anomaly. Those who share this belief are inclined suspect the 
heen placed variously degrees and 345 degrees Cent., although 
meteors, structures have been observed strongly suggestive 
ture, but this not necessarily adequate evidence eutectoid 
Chevenard® believes that the reversible anomaly associated with molecular 
148 


but not phase) transformation involving the formation and dissociation 
the compound Fe,Ni (34.4 per cent has pointed out the 
significance the faet that this composition that the irreversible 
transformation ends. 
Cent. the two evident from this that the irreversible alloys are subjeet 
para, heat treatment the same sense and much the same manner steel. 


videly used segregate phase resulting from its separation 


and the mode formation alloys are often 
= . . . . . . 

martensitic nickel steels, since they are fairly hard even after air 

slow cooling, 


inion that this The reversible alloys are not affeeted the usual sense heat treatment 


for this and are only moderately hard under all conditions. 
that there 


efore seems Pioneer Investigations 


true pha Osmond, “Alloys Nickel and Iron,” Comptes Rendus, Vol. 118, 1894, 532. 
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“On the Quenching Extra Hard Comptes Rendus, Vol. 121, 

Comptes Rendus, 128, 1899, 304. 

the Effect Low Temperatures Certain 
1899, 1395. 

Magnetic Comptes Rendus, Vol. 128, 1899, 1513. 

pour Industrie Nationale, Vol. 1898 260. 

London, Vol. 47, 1890, 


=o. 


1895 


Comptes Rend 


Proceedings, R 


1890, 138. 

**Magnetic Properties of Alloys of Nickel and Iron,” Proceedings, Roval Societ | 
Vol. 48, 1890, 


the Density Alloys Nickel and Proceedings, Soci 
Vol. 50, 1891, 121. 


Dumas, Nickel Annales des Mines, Vol. 1902, pp. 

Guillet, Les Aciers Speciaux, 

Guertler and Tammann, Alloys Nickel and Cobalt with 
fur Anorganische Chemie,’ Vol. 45, 1905, 205. 


Structure Meteors 
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News the Society 


MINUTES MEETING BOARD DIRECTORS 


FRANKLIN HOTEL, PHILADELPHIA, 11, 1928 


Present 


ZAY JEFFRIES EISENMAN 


HAWKRIDGE 
Absent 
BARKER 


The meeting was called order 10:30 President Hughes and 
several pending matters importance were given 

Upon motion properly made, seconded and unanimously was 
decided that the president, vice-president, treasurer should 
represent the American Society for Steel Treating the Semi-Annual Meeting 
the Society held during the Western Metal Congress Los Angeles, 
18, 1929. Respectfully submitted, 


EISENMAN, Secretary. 


MINUTES MEETING BOARD DIRECTORS 


HEADQUARTERS, CLEVELAND, FEBRUARY 15, 1929 


Present 


Absent 
HuGHES 


Upon motion properly made, seconded and carried, the minutes 
the Board were read and approved. 

Upon motion Watson, seconded Mr. Sisco and unanimously 
arried, the committee appointments previously made President Jeffries 


ratified the Board letter ballot were confirmed, 


pon motion properly made, seconded and unanimously carried, the Board 
their deep regret the death Miller, who was recent 
the Recommended Practice Committee. Upon motion Mr. 
seconded Mr. Watson and unanimously carried, the president and 


two me ro 
nembers the Board that may appoint, were authorized select 
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without further referenee the Board, member for 


Practice Committee replace Mr. 


The report the Finance Committee was then presented Chairm 
Watson and after consideration the following action was taken. 
Upon motion Mr. Watson, seconded Mr. Siseo and 


carried, bad accounts, the amount $339.46, were written 


Upon motion Mr. Watson, seconded Mr. Barker and 


carried, inventory the amount $8307.98, the Finane 


was approved. 


Upon motion Mr. Watson, seconded Mr. Guthrie and 


the recommendation that the furniture 
down the value $500.00 was approved. 


Upon motion Mr. Watson, seconded 


carried, the Board approved the profit and loss 
vention. 
Upon motion Mr. Watson, seconded 


ommended the Finance Committee, such revisions might 


made later actions the Board. 


Upon motion Mr. Watson, seconded Mr. Phillips and 


and fixture item writ 


Mr. and 


statement for the 


Mr. d’Areambal and 
mously carried, the Board approved the trial balance sheet for 1928 


carried, the budget submitted the Committee was 


with changes made necessary actions the Board. budget 


follows: 


Budget for the Year 1929 


INCOME 


Sustaining Exhibit Membership 
Data Sheets, Binders and Books 


Interest Howe Medal Fund ......... 


EXPENSE 


Data Sheets, Binders and Books 
Howe Medal Fund Expense 
Campbell Memorial Lecture 


Semi-Annual Meeting and Western Metal 


S$ 64,000.00 


6,000.00 
52,000.00 
2 000.00 
1,000.00 
1,000.00 
1,000.00 
3,500.00 
6,500.00 
2,500.00 
10,000.00 
7,500.00 
212.50 
500,00 


27,200.00 
500.00 

49,650.00 

1,500.00 
1,500.00 
250.00 
8,000.00 
4,800.00 
4,350.00 
600.00 
500.00 
35,000.00 
5,000.00 
1,000.00 


7,200.00 


18,300.00 
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SS7 
stern States Metal and Machinery Exposition 1,000.00 


Upon motion Mr. Watson, seconded Mr. 
carried, the the 
that the treasurer should 


Guthrie and unanimously 
Committee was approved providing 
complete arrangements with the Cleveland 
Company for safe keeping account Whereby the 


handled the Cleveland Trust 


Trust 
bonds the Society would 


Upon motion Mr, Phillips, seconded Mr. d’Areambal and unani- 


usly carried, the recommendation the Board that $15,000.00 additional 


f ft] 


the funds should invested 
the Board further extended 


high grade bonds was approved 


the Committee the privilege 


eges 


purchasing high grade bonds debentures with 
the Finance Committee would deem advisable, 
The secretary then read report the Western Metal Congress 


and the 
Western States Metal and Machinery 


The secretary then presented report with 


reference future Western 
\letal 


Congress and Exposition, and upon motion Mr. Siseo, seconded 


Guthrie and unanimously carried, was decided that the should 
sponsor another Western Metal Congress and Exposition the West 
The secretary presented progress report the 1929 Cleveland 
sition and also progress report the National Metal Congress. 
Consideration was then given the 
for Upon motion Mr. Sisco, 


carried, Messrs. Barker, 


meeting and convention activities 


seconded Mr. Phillips and unani- 


‘ambal and Eisenman were appointed 
the selection the 


( 


committee, with power act, 


ime and place 
1930 semi-annual meeting. 


Upon motion Mr. Sisco, supported Mr. 


Watson and unanimously 
Messrs. Guthrie, 


Barker, Hughes and Eisenman were appointed 
convention offers for 1930 and make 


time and place the Board for future 
was the 


investigat 


recommenda- 
action. 
concensus opinion the Board that the 
should held the central West. 

The presented 
and plans for 

Upon motion Mr. Barker, supported Mr. Watson and unanimously 
extension work with Keller 
With power act. 
Upon motion properly made, seconded and Dr. Albert Sauveur 
the fourth Campbell Memorial Lecturer, which confirmed the 

ballot the mail upon this subject. 
read accepting the nomination and the 
communicate the Board’s ple 
the appointment. 


report the HANDBOOK 
supported Mr. Watson 


convention and 


report the engineering extension work for 


the problem arranging future 


) 


the hands the secretary 


from Dr. Sauveur secretary was 


asure the Doctor for his ae- 


presented. Upon motion Mr. 


and carried, was author- 
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ized proceed with the publication revised copy the 
available for distribution February 

Consideration was then given correspondence the National 
from the New York chapter and from the sponsors the proposed Newark 
chapter, and the president were authorized meet 


York with representatives the two groups and come some adjusty 


Istihent 


the situation. 

Dr. Jeffries presented the Board communication from 
which contained complaint against two the data sheets present 
Upon motion Mr. Sisco, seconded Mr. Guthrie and 
mously carried, the secretary was directed notify the Recommended 
Committee the complaint against these two data sheets and request 
Committee consider these two data sheets with reference eliminating 
any possible inaccuracies making such changes which would thei 

Upon motion Mr. Watson, supported Mr. Guthrie and 
This renewal the practice which was effeet for several years 
the Society’s activities. 

Upon motion Mr. Barker, supported Mr. Watson and 
the secretary was instructed continue past presidents members 
the Society without the payment the $10.00 dues, 

Upon motion Mr. Barker, seconded Mr. Watson and 
the salary the was increased year, 

The meeting adjourned 6:30 

Respectfully submitted, 
Secretary. 


STATEMENT THE AMERICAN STEEL 
TREATING FOR THE YEAR 1928 


The report Ernst and Ernst, certified accountants, covering 
the results their audit the books the society, submitted herewith. 

The official copy this report file the society offices and open 
for the inspection any interested members. 

Ernst and Ernst, who made the audit, certify follows: 

have examined the books account and record pertaining the 
Assets and Liabilities the AMERICAN SOCIETY FOR STEEL TREATING 

CLEVELAND, the close business December 1928, and submit 

herewith our report. Our examination did not include detailed audit 
the membership records, dues, sales invoices, ete., our work 
having been confined test checks. 


Sheet, setting forth the Assets and Liabilities the Societ) 


report subject the following comments: 


hand was verified actual count during our examination 


Cash deposit direct communication with the depository banks and 
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the reported amounts with the balances shown the 
sat 31, All recorded Cash receipts for the year ended 
1928, were traced direetly into the bank deposits, 
eneed bank statements and all representing 
orded Cash disbursements for the same period were examined us, with 
exception those outstanding 31, also examined 
invoices, for the 


hers, 


‘Securities Owned, stated, were examined 1929, 
represented the Balance Sheet cost. 

the individual accounts evidenced the 
stated representing Accounts but did not cor 
espond with the recorded debtors verify the 
records, our opinion allowanee has been made 
for doubtful accounts. 

stated, represents the cost value bound volumes the 
1928, determined the management, 

the caption Other Assets are included officers, 
and chapters, amounting 

Assets, consisting Furniture and Fixtures, are stated 
practice charge off the exeess over this amount the close each year. 

Assets consist Prepaid Exposition and Convention Expenses 
represent items, which, our opinion, are proper charges against future 
operations the Society. 

has been made the preparation this Balance for 

liabilities the Society 31, 1928, disclosed the 


also submit herewith Statement and for the 
ended December 31, 1928, prepared from the records, which 
and Office Salaries have been prorated and charged the various 
expense accounts. While checked all the vouchers for the year 
mentioned, did not make detailed audit all the accounts represented 
aforementioned Statement Income and Expense. 

the hooks and record the AMERICAN SOCIETY FOR 


STEEL TREATING CLEVELAND, the close business December 


and that, our opinion, based upon the records examined and 
obtained us, the accompanying Balance Sheet sets forth the 
position the Society the date 


8.) Certified Public Accountants. 
SHEET, DECEMBER 31, 1928 
HAND 
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890 TRANSACTIONS THE 


ACCOUNTS RECEIVABLE 
Less: Allowance for doubtful Accounts ............ 


INVENTORY (Certified Management) 

Bound Volumes Members’ Pins, ete. 
Other Assets 

Officers’ and Accounts, 

Advances Chapters, ete. 

PERMANENT (Nominal Value) 

Office Furniture and Fixtures 
DEFERRED 

Prepaid Western Metal and Machinery Exposition .... 5,842.99 


Prepaid 1929 Convention Expense 
LIABILITIES 
ACCOUNTS PAYABLE 
For Apportionment Dues Chapters 1,081.58 
RESERVES 


DEFERRED INCOME 
Advance Metal Show 
SURPLUS 
Balance December 31, 1928 


INCOME AND EXPENSE STATEMENT YEAR ENDED DECEMBER 
INCOME 
1928 CONVENTION—PHILADELPHIA 
Gate Receipts, Tickets and Passes 950.65 
PUBLICATION 
Sales other than 55,559.11 
MEMBERSHIPS 
Sustaining Exhibit Membership ...... 65,259.84 
25,351.17 39,908.67 
DATA SHEETS 
Campbell Memorial Lecture 1,175.00 


May 


SECURITIES (At Cost) 

6.875 S4 
$ 0,919.2 
131,312.69 
1928 


Max 


64 


ay 


) 4s 


Accounts previously charged off 

General Expense 


nended Practice 
Committees 
Book 
Annual Meeting 


B s Purchased 


Campbell Memorial Lecture Expense 


Bindery Purchases for Resale 


Receivable Charmed Off 

Hatfield Book-Paper and Cover Stock 

Howe Medal Fund Expense 


— 


TOTAL EXPENSE 


PROFIT 


INCOME 


ss--Apy 


transactions Advertising 
riptions 


TOTAL 
EXPENSE 


INCOME 


Books Purchased—For Library 
For 

Rooks Published 

Other Expenses 

ns 
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84,031.82 
44,005.92 
12,076.18 
16,277.20 
5,948.40 
241.87 
14,600.58 
3.560.58 
604.74 
512.07 


UNAUDITED PROFIT AND LOSS STATEMENT 
AMERICAN SOCIETY for STEEL TREATING 


For the period from January March 31, 1929 


3,125.00 


30,271.70 


344.60 


173.79 


$230,921.63 


24,413.10 


27,223.37 
10,653.30 


12,647.15 


1,669.50 

737.95 

1,065.00 

3,520.24 
32,864.68 
3,788.75 40,173.67 
296.80 
154.46 


57.00 


986.57 
901.92 
1,196.37 
5 460.74 


35,732.44 


793.09 


70.75 863.84 


; 2 
891 
4 
Dire 
Semi $197,475.02 
1,932.38 
1,807.60 
794.38 
| 736.9 790.86 
370.86 
314.18 
70.00 
50.00 
99° « 
1 
00.00 
9,069.53 
307.72 
) 25 OK 
85.23 
63.50 
222.18 
7.4 
5.00 x 
1.57 
5.1 ‘ 


1929 Convention Deferred Expense 4,441.80 
EXCESS INCOME OVER EXPENSE......... 
BALANCE SHEET 
March 31, 1929 
ASSETS 
Cleveland Trust Company (Commercial Account)...... 21,597.88 
Less Allowance for Doubtful Accounts 581.89 4,962.76 
1929 Convention Deferred Expense 4,441.80 
LIABILITIES, RESERVES AND SURPLUS 
1929 Convention Advance 9,553.50 
SURPLUS 
Excess Income over Expense during period from January 
TOTAL LIABILITIES, RESERVES AND SURPLUS. 


The officers and directors the American Society for Steel Treating 
regret note the death Henry Chatelier Paris, France, honorary 
member the society since 1922. The scientifie work and contributions 
Professor Chatelier are too numerous recorded here. The far- 
reaching importance his couple well known those the 
steel treating fraternity and its value can hardly overestimated. Professor 
Chatelier was member and officer many technical societies. was 
member the Institute and General Mines (retired). 

paper entitled Theory Heat’’ written Professor 
Chatelier was published the April 1928 issue TRANSACTIONS. 


regret record the death Charles Carpenter, Saturday, April 
1929, Miami Beach, Florida. Mr. Carpenter was sustaining member 
the Philadelphia Chapter and loyal supporter the society. known 
for his writings non-technical subjects the Houghton published 
Houghton and Company, which Mr. Carpenter was president. 
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